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(b)  Seed truth values assigned according to the value evaluation of the atomic objects
(a)  Evaluation Passage Graph of the Example Database
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  =  =
  =  =
ﬁﬀﬃﬂ "!$#%#'&)(*#¡,+.-0/'1325461578+.-0/'1:9;/'&=<?>A@ ¡,B046(C<D/'EGF646+¥¡ﬁ+)-H/%1
/,9JI?(*K:LM-0(*I$N7*/'46BPOQK(R(ª¡'N.-HB0S3OT(U&.-0L'(VO3KWSX&)(*45N.-016#Y+.Z6-PN=[]\_^`aN+)&.47b+.45&.(%c
d:ﬀ%eJfg;hUifkjml	n:oﬀMpqnRrTﬁor6sgtﬀMuwvxnQoﬀMpqy=rThUzgu{|	1¢¡~}k@~¡~B0-0N+/,9Lö¡'&.- ¡,K6B0(UNgN.F(V78-H5(UOC-H1Y+)Z6(~8*H*678B ¡,45N.(
-015OT-P7¡ﬁ+)(UN=+.Z5(GO6(UN.-H&)(UOŁO#¡ﬁ+9¡6 7¡'BHB0(UOnQﬀ%pnRrTﬁrTsgtﬀWuln3n{c !nQﬀ%py=rThUzlnQy{-PNZ¡QF¡,+.ZŁ+.Z¡,+~B0(ﬁ¡%O6N=+./ ¡
]c
= r6JtoﬀjaD/'+.Z:+.Z5(3ﬁb ]\D
¡,15OA\D7¡'1QK(NZ5/ﬁI13-01:/%16(" ¡KWSÐ¡,45#'EG(*1M+.-016#C+.Z6(" ¢I-+)ZO¡'N.Z6(UOQF¡ﬁ+)Z
N.(*#'EG(U1%+N]/'9_+.Z5(¢£\Dbc>Z6(C/ﬁL%(*&)B¡'F6F(UOF¡,+.ZŁN.(*#%EG(*1M+=/'9¡¤£\mI-H+.Z+.Z6(¥" k-0N"7¡'BHB0(UOﬃnQoﬀMpxy=r6uUuVofg¦y]rThVz§c
|	1:+.Z6(~ ¢OT(*F6-P7b+)(UO-012-0#'45&.(R@=-H(UIa¨B¡,+.Z/¡,15Oﬃ©=46(U&.SQª~&9¡,F5Z W+.Z6(U&.( ¡'&.(RN.-«78/%EYF5BH(*+.(3ﬁb ]\?O¡,1O3+)Z6(O#¡%NZ6(VO
F¡,+.Z-0N?+)Z6(\¬+)/¢¡m=­c
VV
*
*
*
*
VP
@]-0(*I®¨B¡ﬁ+)Zð¡'15O©=46(*&)SQª~&9¡,F6Z
}¥(*K@=-H(UI°¯=KT±(V7b+=W(UBH(V7b+)-H/%1
uVﬀMtﬀW²,h·¡YLM-0(*IaLö¡,&)-¡'K6B0(=B0-0N+
³
ﬁi ¡GN-016#'B0(8´µF¡,+.ZN(*+R¶æ¡ﬁ+.+¥¡'7Z5(UOQI-+)Z+ID/YLö¡,&)-¡'K6BH(VN*
·%¸
¡'15O
·,¹Uº
/,9B¡,B0B<?»$¨DN
³
i5ﬁﬀWr6²z¼uVofgtﬀ%½.JrThUz
¡,F5F6BHS3(ﬁ¡'7Z:F/%N)N-0K6B0(~FÞ¡,-0&/,9JK6-H1OT-H15#%N/,9N¥¡ﬁ+.-PNÞ¡,K6B0(
¾'¸
¡'15O
¾ﬁ¹
+./
·%¸
¡,1O
·,¹
c
pw;hVzLM-0(*I®78/%15N+.&)457b+N
¿
zgﬀWi5ﬁﬀWÁÀml	n:oﬀMpÃÂGs£ÄVﬀW²,hUu3Å­ﬀWtoﬀW²,hVoifJ{Æ¡%7ZmLM-0(*IÇ/'K6±(U7b+:N(*+37¡,1kK(N.(*B0(U78+.(UO¦LW- ¡+.Z6(/'KT±(V7b+)Nw+.Z¡,+Ä¡,&)(
¡,B0/'15#+)Z6(­Èo*É¦\ﬁ)bÈËÊWÌY\,ËÍ{¡,15OQI-+)ZNM¡,+.-PNÞ¡'K6B0(~Lö¡'BH46("(ULì¡'BH4Þ¡ﬁ+.-0/'1:&)(UN.46B+NR¶o>ALö¡,B046(UN5¡'&.(YÎUN
º
c
>Z6(Y&.(ª¡'N./'1ﬃB0-0(UN~-H1+.Z6(GN.-HEGF6B0(Y9 ¡'7b+~+.ZÞ¡ﬁ+~+.Z6(G/'K6±(U7b+N]/'9_+.Z5(XÏ§\~ ¼I-H+.ZŁN¥¡ﬁ+)-0NÞ¡'K6BH(Ð¥Lö¡,B046(UN~-015OT-P7¡,+.(C+.Z¡,+
+.Z5(*SN457U78(VN.N9;46B0BHS:F¡'N)N.(UOK/,+.Z+)Z6(FÞ¡ﬁ+.Z(ULö¡,B04¡ﬁ+)-H/%1¬¡,15O:+)Z6(Lö¡,B046((ULì¡'BH4Þ¡ﬁ+.-0/'1¬¡'15O:+.ZW45N]BH(ª¡'O:+)/w+.Z6(C&.-0#'ZM+$LW-0(*I
/'K6±(U7b+N_+)/CK("7Z6/%N.(*1 cJ>ZW45N?16/E{¡,++.(U&DZ5/ﬁIkE¢¡'1WSYLW-0(*I¼Lö¡'&.- ¡,K6B0(UN¡,&)(=N.F(V78-H5(UO3-H13+.Z6(~}k@~£%+)Z6(*-0&LW-H(UI¼/'KT±(V7b+N
7¡'1(ﬁ¡%N-0BHSŁK(3&.(*+.&)-H(UL'(UO¥KWS46+.-0BH-0Ñ*-016#ﬃ+)Z6(3N¥¡ﬁ+)-0NÞ¡,K5BH(w/%KT±(U78+)N ¡'BH/%16#+.Z6(U-H&¢­Èo*Éa\ﬁ)bÈËÊWÌﬃ\ﬁ;ÍMbc¯=1578(3ID(wZ¡L%(
&)(8+.&)-0(*L'(VO/¡,B0BOT(VN-0&.(VO:LM-0(*I®/%KT±(U78+)NU5&)(UN+.&)457b+)46&.-016#R¡'EY/%16#G+.Z5(*EÒK(V78/%EY(VN=¡Y+)&.-0LW-¡'B6±/'K4N-016#XB0/T7¡,B78/'EGF646+¥¡ﬁ+)-H/%1
78/MN+N/'16B0S'c
)¡,+.-PNÞ¡'K6B0(]/'K6±(U7b+N¡'&.(=¡'F6F6B0-H(VOG+./+.Z6(U-H&78/%&.&)(UN.F/'15OT-016#RLö¡,&)- ¡,K6B0(UN§-H13+.Z6(=}k@~G+)/#%(*16(U&¥¡,+.(+)Z6(]I?(*KXLW-0(*I¡%N
N.Z6/ﬁI1QKWSw+)Z6(ÓUÔ­Èo*É°Õ$Ô;Ö**§×£8H*ÈoØ,ÊwF6&)/W7*(UOT45&.(%c
Ù ÚÃÛÛÜÝÞRß§àâá,ÝCÜäã Þ~åJæ$Ü j Þç j8è æ$éëê æ=ìîí j æï ã Þ j*ð åJæ ð Þ ð ßæ
>/¢ñ%(*(*Faò¡Ewò,+.(*&)-Pò,B0-HÑU(UOkI?(*KaLW-H(UIq46FT´ó+./'´µO6ò,+.(ŁI-+)ZaOTSW15ò'EG-07¥I?(*KAO5òﬁ+)ò¦N./'46&78(VN*$I?(¥16/ﬁIqF6&)/'F/%N.((*ôw7*-H(U1M+
Ewò,-01M+.(*1ò,157*("ò'BH#%/'&)-+)Z6EwN?K5ò'N.(UOQ/'1:+.Z5(7*ò'7Z5(UO:[=\^`®N+.&)4578+.46&)('c
õ$ö÷ ø¥ù]ú­û6üýþ]ß ú	
ýþ
Jý.þ
=ýý
$FO6ò,+.(UN?ò,&)(]N)ò,-POG+./CK(=-H&)&)(*B0(*Lﬁò,1M+_+)/+.Z5(]Ewòﬁ+)(*&)-0ò'BH-0Ñ*(VOGID(UKXLW-H(UIk-9£+)Z6(*SGI?/'46BPOw16/'+?7*ò'45N.(]ò,1WSY((U7b+?+./C-+VcJ}k-+)Z
+.Z5(CB0/T7*ò,BEwòﬁ+.(U&.-Pò,B0-0Ñ*(UOò,4T«T-0BH-Pò,&)SQ-01T9;/%&.Ewòﬁ+)-H/%1ﬃN+)/'&)(UO-01+)Z6(w[=\^$N+.&)4578+.46&)('I?(Z5òL'(YòXN.(8+"/,9§N.(*BH9Ë´óEwò,-01M+.(U15ò,157*(
+.(VN+N_+)Z5òﬁ+òL'/%-0OGò,1WSY&.(UEG/,+.(=ò'7*7*(UN)NJ+./K5ò'N.(]O6ò,+)òR9;/%&DN.457ZX7*ò%N(VN*cg}¥(]-0BHB045N+.&òﬁ+.(=ò78/%EYF5BH(*+.(]B0-PN+?/,9£/'46&DK(VN+7*ò%N(VN
-01ﬃIZ6-P7Zﬃ-H&)&)(*B0(*Lﬁò,1M+]46FO6ò,+.(UN~ò,&)(OT-PN)78/ﬁL'(U&.(VO:KMS/%46&=ò'BH#%/'&)-+)Z6Ec]>Z6(BPò'N+]+I?/X/'9+.Z6(UEq7*ò,1516/,+]K(Y-0OT(U1M+.-H5(UOKWS
/,+)Z6(*&$ò'F6F6&)/%ò%7Z6(UNDI-+)Z6/'46+]ò,1[]\^.` £ªﬀﬂﬁ,Kﬃµc
 
25/'&=ò"!w­Í,Ì#Ø	#"Õ%$ ﬁ&#('C8ÉR,&)°46FO6òﬁ+)('-H9+.Z6(YLﬁò,B046((*Lﬁò'BH45ò,+.-0/'1ﬃ&)(UN.46BH+=/'9J-H+)N:Õ%$ ﬁ6-PN]+.Z6(YN.ò'EY(CI-+)Z
+)Z5òﬁ+_/'9-H+)N'*ÉRﬁ'+.Z6(U1G+.Z6-PN46FO6ò,+.($-PN-0&.&)(*B0(*Lﬁò,1M+Vc26/%&(8«6ò,EGF6B0('%#'-0L'(U1+)Z6($K5ò%N(O6ò,+)ò,Kò'N.(UNJ(8«6ò'EYF5BH($N.Z6/ﬁI1
KWS32g-0#'46&)(GÎ'*!w­Í,Ì#,+ﬀ-.#0/218.ÍWÈoØ,Ê/3#4/UÔ65%7389/)¤-PN$ò,1:/'KWLW-0/'45N.BHSw-0&)&.(UBH(ULò'1M+45FO6ò,+.(N.-H178("16(*-H+.Z5(*&;:9oò'N.Z6-H/%1=<
16/%&>:K5ò'ñ'(U&.S<K(*B0/'15#C+)/G+.Z6(7Uòﬁ+)(*#'/%&.SG/'90:+./ﬁS<6c
 
25/'&ò,1^bÊ5]/'&@?Y*/%F(U&)ò,+.-0/'1  -H9(*-H+.Z6(U&
¾
¸
/'&
¾
¹
OT/16/,+K(*B0/'15#Q+)/ò,1WSﬃ/,9D+.Z6( ]\?­+.Z6(U1¥+.Z6(G46FO6òﬁ+)(w-0N
-0&.&)(*B0(*Lﬁò'1%+Vc26/'&(*«6ò,EGF6B0('T/'F(*&òﬁ+)-H/%1A!]^8Ê6B#+DC#0/8HØU,ÈoØ,Ê/3#,+DC6EF) ¶oò%N.N.46EG(~+.Z6(RLﬁò'BH46(R/'9­+)Z6(òﬁ+)/'EG-07~/%KT±(U78+
GIHJ
-0NK<,K/%N+./'19<
º
Z5ò%NR16/,+)Z6-016#+./ŁOT/I-+)Z+.Z5(XF5òﬁ+)Z(*Lﬁò,B045ò,+.-0/'1+.ZW45N16/ﬃ(L(V7b+/%1+.Z6(XEwò,+.(*&)-Pò,B0-HÑU(UO¥ID(UK
LW-0(*IRc
 
|	1òM!D?C*N#
¾
¸
#]N#
¾
¹
) 7Uò'N.(' -H9?15(*-H+.Z6(U&
¾
¸
16/'&
¾
¹
-PNò'1Ł/%KT±(U78+"I-H+.Z-H+)NR-01T9;/%&.Ewòﬁ+)-H/%1ŁEwò,+.(*&)-Pò,B0-HÑU(UOŁ-H1¥+.Z5(
[=\^`+)Z6(*1Ł-+R-PN]-PN~-H&)&)(*B0(*Lﬁò,1M+UcR!]1(8«6ò'EYF5BH(9;/'&~+.Z6-PN"7*ò%N(C-0NO!D?Y8N#D+DC#K/8Ê	Pw/B#Q+0R	)R£K(89;/%&.(CIZ6-07Z
GIH
Iò'N.1TS +$EGò,+.(U&.-Pò,B0-HÑU(UOQ-H1+)Z6(Y[=\^`®N.-H178(R-H+=OT-POT1TS +]F5ò'N)N+)Z6(RF5òﬁ+)Z(*Lﬁò,B045ò,+.-0/'1 c§>ZW45N=OT(*B0(8+)-H/%1/,9N457Z/%KT±(U78+
I?/'46BPOQZ5òL'("16/G((U78+$/'1Q+.Z6(REwò,+.(*&)-Pò,B0-HÑU(UOQLM-0(*IRc
 
25/'&òU!w Í'Ì	#DØ	#$Õ%$£,N#V'*ÉR,&)¼+)&)ò'15N.ò%7b+)-H/%1 W-H1:IZ6-P7ZQ-H+)NLﬁò,B046("(*Lﬁò'BH45ò,+.-0/'1Q&.(VN46BH+-0N7Zò,16#%(UOw9;&)/'E +)&.45(
+)/C9oò'B0N.('5ID(R7Z6(V7ñwIZ6(8+)Z6(*&]ò'1WSwF5ò,&)(*1M+/'KT±(V7b+/,9$Ø~-PNEGò,+.(U&.-Pò,B0-HÑU(UOQ-H1Q+.Z5(C[]\^.`RcT|µ9J16/wN457ZF5ò'&.(U1M+?/%KT±(U78+
(*«W-PN+)NU£+.Z6-PN"46FO6òﬁ+)(G-0N"-0&.&)(*B0(*Lﬁò'1%+VcC25/'&"(8«6ò,EGF6B0('­-9D+.Z6(wLﬁò,B046(C9;/'&R/%KT±(U78+
G4W
-PN~7Zò,16#%(UO+)/X:+./ﬁS<5+)Z6(*&)(G-0N
N+.-0BHBg16/X7Z5ò'1578(9;/'&$&)(8´µ(*Lﬁò,B045ò,+.-016#w-+N$Lﬁò,B046(N.-01578(R+)Z6(Fòﬁ+.Z(ULﬁò,B045òﬁ+)-H/%1-0N=N+)/'F6F(UOKWS:-+N]F5ò'&.(U1M+$/'KT±(V7b+
GIH

IZ6-P7ZOT/W(UN.1TS +ZòL'(Rò,1:/'4T+)#'/%-H16#YF5ò,+.ZX:ñW-H+Y<6c
>Z6(ò'K/ﬁL%(~7Z6(V7ñTN-H15O6-07Uòﬁ+.(òwN.(6ZM46(U1578(~9;&)/'EÇN-0EGF6BH("+)/w78/'EGF6B0(8«£c§>Z5("5&)N++.(VN+]/%16B0SX&.(.ZM46-H&)(UN?+)/w7Z6(U7ñX/%1
+.Z5(ﬃ­Í,Ì46FO5òﬁ+.(+SMF(ò'15O:+.Z6(/'BPO:ò'15O16(UIaLﬁò'BH46(VN/,9J+)Z6(46FO6òﬁ+)(UO/%KT±(U78+Uc>Z6(N.(U78/%15O:/'16(R15(*(UO5N+./Q7Z6(U7ñX/%1
+.Z5(F5òﬁ+)Zﬃ&)(*B0(*Lﬁò,157*(R/,9J+.Z5(ò	(U78+.(UO/%KT±(U78+]F5ò'-H&Vc>Z6(UN.(R5&N+]+ID/wñW-015O6N$/'9_N(UB9Ë´µEwò,-01%+)(*15ò'1578(7Z5(U7ñTN$ò,BPN./Xò,F6F(Uò'&
-01/,+)Z6(*&"I?/'&)ñ[ £ªﬀﬂﬁ,KﬃµcY¯=46&RN.(*BH9Ë´óEwò,-01M+.(U15ò,157*(+)(UN+)N"ò,&)(EG/'&)(Y((U7b+)-HL%(Yò%N=+.Z6(USﬃò,&)(Cò,K5BH(C+./ò,BPN/:OT-PN.7*/ﬁL'(*&=+.Z5(
BPò'N+?+I?/w7*ò%N(VN/,9-0&)&.(UBH(ULò'1M+45FO6ò,+.(VNK5ò'N.(UOQ/'1:+.Z5(R-H1T9;/%&.Ewò,+.-0/'1:EGò,+.(U&.-Pò,B0-HÑU(UO3-H1:+.Z5(C[]\^.`Rc
õ$ö]\ ^kû£ûú__Wýþ]ß`a
(_Múcbd
e

!9Ë+)(*&?+.Z5(UN.(~N.(*BH9Ë´óEwò'-H1M+)ò'-H1ò,K6-0BH-H+SY+.(VN+N*W/'15BHSG&)(*B0(*Lﬁò,1M+D45FO6ò,+.(VND&)(*Ewò'-H1 c(f](*157*(=I?(]16/ﬁIkI?/'45B0Ow15(*(UOX+./Y&.(*9;(*&?K5ò'7ñ
+./Kò'N.(GO5òﬁ+)ò:9;/%&REwò,-01%+ò,-016-016#:+.Z6(XEwò,+.(*&)-Pò,B0-HÑU(UOŁID(UKŁLW-0(*I ò,15Oò,BPN./Q+)Z6(Q[]\_^`Rc>Z6(wEwò,-01%+)(*15ò'1578(Y+ò'N.ñ/,9?+.Z5(
Ewòﬁ+)(*&)-0ò'BH-0Ñ*(VO[=\^`a-01578B045OT(VN]ò%O6OT-016#g,OT(*B0(8+)-H16#G/%KT±(U78++.46F6B0(UN=ò,15O:ñ%(*(*F5-H16#Y+)Z6(*-0&$EG(Uò%N46&)(UN45FT´+)/,´	O6òﬁ+)(ò'7U78/'&OT-016#
+./Q+.Z5(YN+.&)457b+)&.4ò,BJ7Z5ò,16#%(UN=ò'N=ID(UBHBò'N]+.Z5(CEG/TOT-H5(UOLò'BH45(C(ULò'BH4òﬁ+.-0/'1&.(VN46BH+)NUcR>Z6(YB0ò,++.(U&~7*/'46BPOﬃ-01ﬃ+)46&)1ﬃ+.&)-0#'#'(U&
Ewò,-01M+.(*1ò,157*(3F6&)/T78(UO646&.(VNR9;/%&CEwò,-01M+)ò'-H16-016#+.Z6(:Ewòﬁ+.(U&.-Pò,B0-0Ñ*(UOI?(*K¢LW-H(UIRcMhòﬁ+.(U&CI?(QN.Z6/ﬁI +)Z5òﬁ+C+.Z6(78/MN+Y/,9$+)Z6-0N
Ewò,-01M+.(*1ò,157*(Xò,F6F6&)/%ò%7Z-01+.(U&.EwNR/'9D+)Z6(X1W46EK(*&/,9ò'7*7*(UN)N(VN~+./K5ò%N(XO5òﬁ+)ò-PNREC457Z&.(VOT4578(VO78/'EGF5ò'&.(VOﬃ+)/+.Z5(
ò,BH+.(U&.1òﬁ+.(RN./'B04T+.-0/'1N*c
¨_&)/T78(VOT46&)(=|	15NR¶
¾'¸
#_&#
¾ﬁ¹Uº
|µ9
¾ﬁ¹ji
k
ÆD¨Dª
?2£¶
º
9;&)/'E
¾ﬁ¹
gﬂgR&)(UN.46BH+$-H1ò
¾ﬁ¹
´l<'ÆD¨Dªﬀ<=m
|µ9
¾
¹on
k
<'ÆD¨Dªﬀ</'&
¾
¹
c >qpsr
t'45O6#'(UO3+./wK(ò,1:|	&)&.(UBH(ULò'1M+,]FO6ò,+.(ﬂm
(8«T-+.m
(*BPN.(
-9
¾
¸Kn
k
Æ§¨Dª
&)(8´µ(*Lﬁò,B045ò,+.(~/'1:/5Îum
(*BPN(
7Uò'7Z6(
¾
¹
-01:ÆD¨DªOm
¾
¸
c <D/%461M+.H ﬃv4vKm
¾
¸
c<?>4H ﬃv4vKm
-H9
¾
¸
c <?>4H ﬃw)qrGò,15O
¾
¸
c >qpsr
9;/'&(Uò%7ZQ/'9g/'+.Z6(U&B0ò'K(UB0Nyx]z
¾
¸
c >qp
¾
¸
c >|{
¾
¸
c <?> x2z}ﬃ~m
-9
¾
¸
c > p Î
F6&)/'Fò,#%ò,+.(~/'1:-+NF5ò'&.(U1%+N
o­ﬁﬀ" =|	15N.(*&.+.-0/'1ﬃò'-H1M+.(U15ò,178("/'1!]¨§|l
¨§&./T7*(UOT46&)(ﬀ](UB§¶
¾
¸
#_N#
¾
¹
º
|µ9
¾'¸
n
k
ÆD¨Dª°/%&
¾ﬁ¹
n
k
ÆD¨Dª
t%45OT#%(UO3+./wK(ò,1:|	&.&)(*B0(*Lﬁò'1%+]FO6ò,+.(ﬂm
(*«T-+.m
¾'¸
c <D/%461M+.H ﬃm
-H9
¾
¸
c <D/%461M+.H ﬃpcr
O6&./%F
¾'¸
9;&)/'EÇ!]¨_|3m
F5&./%F5ò,#Mòﬁ+.(=+.Z5(R((U7b++)/wF5ò,&)(*1M+/'KT±(V7b+N*c
(*BPN.(
¾
¸
c<?>4 ﬃTm
-H9
¾'¸
c <?>4H ﬃpr
¾'¸
c >qpsrFm
F5&./%F5ò,#Mòﬁ+.(=+.Z5(R((U7b++)/wF5ò,&)(*1M+/'KT±(V7b+N*c
o­ﬁﬀŁ­0=(*B0(8+)-H/%1ﬃò,-01M+.(*1ò,157*(~/%1:!=¨_|l
V
À
2 
fuVﬀMVhVoif¼Å ²%ﬀMfgrTﬁoiu
ﬃò'-H1M+.(U15ò,178(R/,9J+)Z6(G[=\^`®45F/%1ﬃò,1-015N(U&+)-H/%17*ò'N.(>!]^bÊ5B#
¾
¸
#?N#
¾
¹
)®-0N=NZ6/ﬁI1-01ﬃF6&)/T78(UO646&.(^8Ê6	
¾
¸
#?N#
¾
¹
¶N(U(
2g-H#%46&)(I
º
c/%&.(=+.45F6BH(VN/,9J/'K6±(U7b+Nò,&)("45N4ò,B0BHSX15(*IB0S37*ò%7Z6(UOQ-H1M+)/C+)Z6(C[]\_^`®OT46("+)/Y+.Z6(R-015N.(*&.+.-0/'1:46FO5òﬁ+.(VN*c
>Z6(?(UOT#%(=VZ5ò%N­K(*(VOC7Z6(V7ñ'(VORKWS"+.Z6(N(UB9Ë´µEwò,-01M+)ò,-015ò'K6-HB0-H+S"+.(UN+ò,15OZ6(*157*(-0NJN.46&.(§+./~K(/%16(D/'96+.Z5(Y ]\?cg}¥(
78/%15OT4578+D+)Z6(=+ID/'´óF6Zò'N.(8´µ(*Lﬁò,B045òﬁ+)-H/%1G/'1w+)Z6(~O5òﬁ+)òCN45K6#'&ò,F6ZXN+)ò'&+)-H15#9;&)/'E
¾ﬁ¹
cJ|µ9 +)Z6("ò,#'#%&.(U#%ò,+.(UOYLﬁò,B046(~(*Lﬁò,B045ò,+.-0/'1
&)(UN.46B+=/,9
¾ﬁ¹
+)46&.1N$/'46+]+./3K(Or66+)Z6(*1ﬃ+.Z6-PN]-015N.(*&.+.-0/'1-PN=ò'1-H&)&.(UBH(ULﬁò,1M+$46FO6òﬁ+)('c=¯]+.Z5(*&)I-0N.(R+.Z5(EG(8+)Z6/TO^bÊ ]Ð-0N
7*ò'BHB0(UO39;/'&F5&./%F5ò,#Mòﬁ+.-016#C+.Z6(R(L(V7b+$/'9­+.Z5(R16(*IB0SQò%O6OT(UOQ(UO6#'(~+./G+)Z6(N.ò,+.-PNò,K6B0("/'KT±(V7b+
¾ ¸
c
}¥(YZòL'(Y16/QEwò,+.(*&)-Pò,B0-HÑU(UOﬃ-01T9;/%&.Ewòﬁ+)-H/%1Łò'K/%4T+ò,1/%KT±(U78+R-9?-+"9oò,-0BPN]+)Z6(wF5ò,+.Z(ULﬁò,B045òﬁ+)-H/%1/,9?-+NUb ]\¤N.(8+Uc
>ZW45N-H9
¾ ¸
Iò'N.1TS +EGò,+.(U&.-Pò,B0-HÑU(UO¥-01+.Z6([]\^Rò,++.Zòﬁ++)-HEG('J+)Z6(*1+)Z6(315(*IB0S-01%+)&./TOT47b+.(VO(UO6#'(9;&)/'E
¾ ¸
+./
¾ ¹
7*ò'45N.(UN"45N"+)/&.(*´ó(ULò'BH4òﬁ+.(Y+)Z6(Ub ]\AN.(8+/'9
¾'¸
cQ¯=16BHSŁ-9?+.Z5(wF5òﬁ+)Z¥(ULﬁò,B045òﬁ+)-H/%1¥N.457*7*(*(VO6N~9;/'&
¾'¸
ò'15O¥16/'15(Y/'9?-H+)N
F5ò'&.(U1%+/%KT±(U78+)N$ò'B0N./GI?ò%N1TS +Ewòﬁ+.(U&.-Pò,B0-0Ñ*(UOQ-01Q+)Z6(Y[=\^bT+)Z6(*1:+)Z6(16(*«M+$45F6F(U&$B0(*L'(UB£F5òﬁ+)Z(*Lﬁò,B045ò,+.-0/'1:-0N$7Uò,&)&.-0(UO3/'1 c
¯]+.Z5(*&)I-0N.('T-H9J+.Z6(Fòﬁ+.Z(ULò'BH4òﬁ+.-0/'1:9;/%&
¾'¸
9oò,-0B0NU6I?(7*ò'1N+./%F3+)Z6(F6&)/T78(VN.NN.-H178("+.Z5(46FO6òﬁ+)(R-0N$ò'BH&)(Uò%OTSR±45O6#'(UOQ+)/
K($-H&)&)(*B0(*Lﬁò,1M+Uc|µ9+.Z6($Fòﬁ+.Zw(ULﬁò,B045òﬁ+)-H/%1C9;/%&
¾'¸
N.457*7*(*(VO6N_ò,1O
¾'¸
S N_F5ò'&.(U1%+_/%KT±(U78+)N(*«T-0N+_-H1G+)Z6(~[=\^b'+.Z6(U1G+.Z6(9;/%&.EG(U&
K6&)/'ñ%(*13Fòﬁ+.Z:F5ò%N.N)ò,#%(UNDLM-PòC+.Z6(VN("/%KT±(U78+)ND+./
¾ﬁ¹
16/ﬁIaò,&)(~7*/'15OT47b+.-0L'(%c!$B0/'16#GI-H+.ZQ+.Z6-PN46FWIò,&O6N§Fòﬁ+.Z(ULò'BH4òﬁ+.-0/'1­
I?($7*ò,&)&)SR/'1Y+.Z6(]Lò'BH45((*Lﬁò,B045òﬁ+)-H/%1wò,15OGò'7U78/%EYEG/TO6ò,+.(?+.Z6(U-H&§Lò'BH45((*Lﬁò,B045òﬁ+)-H/%1G&.(VN46BH+)NJ-01G+.Z5(=[]\^.`®¶oN.(*(]2g-0#'46&)(y
º
c
}¥(RF6&.(VN(U1M+?+I?/G-H1N(U&+)-H/%1:7Uò'N.(UND+./w-0BHB045N+.&òﬁ+)(=+)Z6(R((U78+$/'1Q+.Z6(REwò,+.(*&)-Pò,B0-HÑU(UO[]\^?/'9­+.Z5(REGò'-H1M+)(*15ò'1578("F6&)/T78(UN)NUc
uBYL&O6 ¡£¢B¤ﬂ¥¦	¤£§6¨uN©§u¤¥03ª«¬
7 ñ
/%-0O6N ­ +ﬀ-.® ­ +0¯u°	®
+ C <D/%461M+ ¯ ¯
<?> ¯ ¯
/%-0O6N ­
G
ﬁF® ­
G
5
G
Î.r®
G4±
<D/%461M+ Î
H
<?> Î Î
/%-0O6N ­
G
Î
H
® ­
G
Î.r6
G
Î
±
®
GﬀJ
<D/%461M+ Î
H
<?> r Î
678(*1ò,&)-H/
H²
!|	15NU
G
Î6r5F<,-H+.(UE<5
G
Î
W
)
²
7 ñ
/'-PO6N ­
G
Î.³® ­
G
Î
W
®
G
 <D/'461M+ Î Î
<?> Î r
/'-PO6N ­
G
Î6ﬁF® ­F+ ¯ﬂ-.#¡+0¯u´	®
G
Î.r <D/'461M+ Î Î
<?> Î C
/'-PO6N ­
GIH
Îu® ­
G
Î65
GIHﬂH

GIH±
®
G
Î
±
<D/'461M+ Î
±
<?> r Î
ﬁﬀŁµ ﬀ$FO6ò,+.(UO!]#'#'&)(*#Mòﬁ+)-H/%1Q¨òﬁ+)ZQ|	1OT(8«Ł¶!]¨§|l
º
V
À

À d:ﬀWtoﬀMhUifkÅ­²'ﬀWfr6iu
$F/'1QòOT(UBH(*+.-0/'137Uò'N.(I!D?C*N#
¾'¸
#JN#
¾ﬁ¹
)RM+)Z6(]46FO6ò,+.(=5&)N+§-PNDN)78&)(*(U16(UOw9;/'&§-0&)&.(UBH(ULò'1578SYKWSY+.Z6(~N(UB9Ë´µEwò,-01%+ò,-015ò,K5-HB0-+S
+.(VN+-H9(*-H+.Z6(U&QØu¯Y/%&3Ø	C3OT/W(VN"16/,+(*«W-PN+"-01¥+.Z6(Q[=\^`cf$/ﬁI?(*L%(*&V£-9
¾'¸
Z5ò%N~+.Z6(X/%16B0Sﬃ/'16(G/%4T+.#%/'-016#QFòﬁ+.Z/'9D+SWF(
6+)/
¾
¹
+.Z6-PN=O6(*B0(8+.-0/'1ŁID/%46BPOﬃOT-PN.N)òﬁ+)-0N9;S:+.Z6(Yò,#'#%&.(U#%ò,+.-0/'1F5òﬁ+)Zﬃ&)(UN+.&)-078+.-0/'1ﬃ/%1
¾
¸
ò'15O+)ZM4N=7Uò,45N.(+)Z6(YO6(*B0(8+.-0/'1/,9
-H+)N+)46F6B0(R9;&)/'E +)Z6(C[]\_^`Rc£<D/'&)&.(VNF/'1OT-H15#'B0S'WID(F6&./%F5ò,#Mòﬁ+)(]+)Z6(((U78+]/,9g+.Z5-0N=OT(*B0(8+)-H/%1 cD>Z6(COT(*B0(8+)-H/%1:F5&./T78(VOT46&)(
?Y8¶
¾
¸
#_N#
¾
¹L
-0N]OT(*F6-P7b+)(UO:-012g-0#'46&)(4ﬁ6c
V
À

j ·Czgr6fgﬀÅ­²'ﬀWfgrTﬁoiu
!!w­Í'Ì	#$Ø¸#"Õ%$£,N#'*ÉRﬁ&)®46FO6ò,+.(-PN]òX&.(UBH(ULò'1M+]-9_-H+=K(Uò'&)N=OT-%(U&.(U1%+~Lﬁò,B046((*Lﬁò'BH45ò,+.-0/'1&)(UN.46BH+)N9;/%&YØK(*9;/'&)(
ò,1Oòﬁ9Ë+.(U&C-H+)NLﬁò,B046(Q7Z5ò'16#'(%c|µ9+.Z6(QLò'BH45(X(*Lﬁò,B045ò,+.-0/'1/,9Q'C8ÉRﬁ£-PN3Î¶o-c ('c0J+.Z5(3Lﬁò,B046(X(ULò'BH4òﬁ+.-0/'1/'9wÕ?¹$£, -0N
r
º
+.Z6(U1-H+R(6ZM45ò,BPN]+./òQN.(8+"/,9D!]^8Ê6B#
¾'¸
#N#]Ø	) -H15N.(*&.+.-0/'1N*(Uò%7Z/'9§IZ6-P7ZI-H+.Z¡N+)ò,1OT-H15#X9;/'&~+)Z6(C/%16B0S+SMF(Y/,9
-01578/%EY-016#(VOT#'(/'9§Ø$ò,1OGI-+)Z
¾'¸
&)(*F6&)(UN.(*1M+)-H16#"/%16($/,9+)Z6(]F5ò'&.(U1M+_/'KT±(V7b+)N§/,9§Øﬁc_W-0EG-HB0-Pò,&)BHS%'-H9£+.Z6(=Lò'BH45($(*Lﬁò,B045ò,+.-0/'1
/,9'*ÉR,-PNIr¶;-óc ('c0­+)Z6(wLﬁò,B046(w(*Lﬁò,B045ò,+.-0/'1¥/,9GÕ?¹$£,-PNwÎ
º
 +)Z6(*1-H+-PN"(6ZM46-0Lò'BH(U1M+R+./ﬃòN(*+/,9ﬀ!D?C*N#
¾
¸
#=N#"Ø	)
OT(UBH(*+.-0/'15NUc
õ$ö]º øA»w¼½0¾y
eTý¿»§þÀ»>Á úTjÂ¤ýú*Ã ÄÆÅ
e6û5ù]ú_Ç
>Z6(QEGò'-H1M+)(*15ò'1578(X/'9+.Z6(:Ewòﬁ+)(*&)-0ò'BH-0Ñ*(VO¡[]\^.` -H1WL%/'B0L'(UNR+.Z6(ò'O6O6-H16#/'&CO6(*B0(8+.-016#¥O6òﬁ+òﬃ/'K6±(U7b++.46F6B0(UNGò'15O¥6«T-H15#
Lﬁò,B046((ULﬁò,B045òﬁ+)-H/%1ﬃ&.(VN45B+N$/,9?N/%EY(CO6òﬁ+òX/'K6±(U7b+N*c=|	1ﬃ+)Z6(G[=\^`+)Z6(15(*IB0Sò'F6F(Uò,&)(UO¬]73È5ÉV¯

>®Lﬁò,B046(VN]/'9DO6òﬁ+ò
/'K6±(U7b+N*(U-+)Z6(*&C9;&)/'E +.Z6(:ò'O6O6(UO¬O6ò,+)ò/'KT±(V7b++)46F6B0(UNY/'&YOT46(3+./ﬃ+)Z6(7Z5ò,16#%(UOLﬁò,B046(Q(*Lﬁò,B045òﬁ+)-H/%1¬&)(UN.46B+N/'9=O6òﬁ+ò
/'K6±(U7b+N*I?/'46BPO:+.&)-0#'#'(U&$+)Z6(w[D?Q? Ewò,-01%+)(*15ò'1578(YN+òﬁ+)(*EG(*1M+)N]9;/'&~78/%EYF54T+.-016#:ID(UKﬃLW-H(UIÊ:F5ò,+)7Z6(VN<5c~¯=1+.Z5(C/'+.Z6(U&
Z5ò'15O£M+.Z6("OT-PN.ò'F6F(Uò,&)(UOﬃ]73È5ÉV¯

>¼Lò'BH45(UND/,9O6ò,+)ò/'KT±(V7b+)NUM(*-H+.Z6(U&?KWSY+.Z5(~OT(UBH(*+.-0/'1Q/,9N.457Z3O6ò,+)ò/'KT±(V7b+?+.46F6B0(UN?/%&
OT46("+)/Y+.Z6(7Z5ò'16#'(VO3Lﬁò'BH46("(ULò'BH4òﬁ+.-0/'1:&)(UN.46B+N*TI?/'45B0OQ+.&)-0#'#'(U&?+.Z6(I?"ÏËŁEwò,-01%+)(*15ò'1578(RN+)ò,+.(*EG(U1%+N*c
= r6Jtoﬀ

ÓYHØ)Ì:;Í64Ì­Ø7=ÌM8Ê7.,ÈËÊWÌUUÈo*ÉaØ%Ô;Ö**oÎÍ&Ï5ﬁ	)Í5bﬂ/C	ØQÔGu$ﬂ$'B$¸#É§GﬁÊYÏﬂÏ&8:ËÍ5[?0?PwﬁÈËÊµ*
Ê,Ê	ﬁ	LPG*Ê5].Í6Ø,ÉÊﬁÔ)*HØ,ÉwÐ
!QQ4vÑp uUﬀWtﬀM²'hRòCLW-0(*IaF5òﬁ+)ZBH-PN+
³
ﬁi LW-H(UI¤F5ò,+.Z5N
³
iﬀWr6²zdÒ ﬀMpqgr5uUuVofgJrThVz
ò'F6F6B0SM-016#G(Uò%7ZQF/%N)N.-HK6B0("F5ò,-0&N/,9K5-H15O6-H16#MN/,9g/'KT±(V7b+NI-+)Z16(*I ]73È5É¯">ALﬁò,B046(UN
Ó ÔÖÕ
ÞçL×Þ~å(Ø8Ý
ð
Ý
ðÚÙ
ÝKÛ åÛ á'ÝÜÒê æ]ìâíÜØ*æï ã ÞIØ
ð
åJæ
ð
Þ
ð
ßæ
h -0ñ'(/'+.Z6(U&)N6S,I?/'&)ñ,ID($ò%N.N.46EG(+.Zòﬁ+_+)Z6(Ewò,-01X78/%N+_/,9+.Z5(]78/%EYF54T+)ò,+.-0/'1w/,9£ò"I?(*KwLW-H(UI¦7Uò,1GK($(UN+.-0Ewòﬁ+.(VOG-H1Y+)(*&)EGN
/,9+)Z6(1W46ECK(U&)N]/,9_K5ò%N(/'KT±(V7b+)N=K(*-016#w9;(8+7Z6(UO c=>Z6-PN]-PN=K5ò'N.(UO/%1+.Z6(9oò'78+]+.Zòﬁ+=(Vò'7Z/%KT±(U78+=/,9K5ò%N(YO6òﬁ+ò,K5ò%N(VN
78/%46BPOGK(0Z%45-+)(]BPò,&)#'(-013N+)/'&ò,#%(ò'15OG-H+)ND&.(*+.&)-H(ULò'B6+ò,ñ'(VNJ+.-0EG('cJ|	1w9oò%7b+UM/'15(]78/%46B0OX(*L'(U1Xò'N)N45EY(+)Z5òﬁ+D+.Z6(VN(=/'KT±(V7b+N
¶ 0ŁhOT/T7845EY(U1M+)NUW9;/'&(8«6ò,EGF6B0(
º
B0-H("/%1:OT-%(*&)(*1M+$N(U&.L%(*&N§/%1X+.Z5(R|	1%+)(*&)16(8+Vc(f$(*178('5(Uò'7ZQK5ò'N.("O6òﬁ+òC/%KT±(U78+ò%7*7*(UN)N
EwòSX&)(6ZM46-0&.("ò>]»hB0/T7*ò,+.-016#Yò'15Oò,1:ZM++.F:+)&)ò'15N9;(U&$ò'7*&./MN.N?16(*+ID/%&.ñTNUc
Ýö÷ øA»w_ﬂÎÞ
JûÆ»ß9_
à$(*«W+I?(R78/%15N-POT(U&?ñ%(*Sw9oò%7b+)/'&N§+)Z5òﬁ+$ò%7*78/%461M+D9;/%&+.Z6(7*/%N+Uc>Z6(~5&N++I?/9;(Vòﬁ+)46&.(VNOT(*F(*1O3/%13+)Z6(IZM46(*&)SwF5òﬁ+.+.(U&.1 
ò'NN.Z6/ﬁI1:KWS32g-H#%46&.(
±
c
H
c
H
MIZ5-HB0("+.Z6(RBPò'N++ID/wò'&.("EG/'&)("/ﬁL'(*&ò,B0BEY(Vò'N.46&)(UN?/,9òYK5ò'N.(RO6òﬁ+ò,K5ò%N(%c
 âá
¶
¾ãä£å.æç$¾	ææ3èÆé.é	å.êTæå	ëº
²
Z6/ﬁIAEGò'1WSX/'KT±(V7b+-015N+ò,157*(UNK6-015OQ+./G+)Z5òﬁ+$Lﬁò'&.-Pò,K6B0('c
 âì
¶
¾¸è9ç~íT¾¸î~êí
x2ï
ã3å
x(ð
îó·å.éëLî~çlñ6º
²
Z6/ﬁIA&.-P7Z:-H1Q+SWF(VN/,9J/'4T+)#'/%-H16#ZM46(*&)SXF5ò,+.Z5NòYLﬁò,&)-Pò,K6B0("-0NUc
 óò
¶¡ô
å.î¡í
ô
ç¾õ[ã
ï
ë.å
ð£ï
ç
ï
íé
ï6öô
º
²
BH(U16#,+)Z:/'9­+)Z6(RBH/%16#'(VN+F5ò,+.Z:9;&)/'E +)Z6(R&./W/'+?+)/wN/%EY(Rò,+./'EG-P7"/'KT±(V7b+Vc
 ó÷
¶
ç¾¸ç
ïx
ê*è9øã3å.éG¾õ[ã
ï
ë6å
ð£ï
ç
ï
¾ãä£å¸æ3ç¿ëº
²
+.Z5(N-0Ñ*("/,9+.Z6(RKò'N.("O5òﬁ+)ò'K5ò'N.('c
26&)/'E +.Z6(?5&N+J+I?/=Fò,&ò,EG(8+)(*&N*ﬁI?(7*ò,1C(UN+.-0Ewòﬁ+.(?+)Z6(F/%F646BPòﬁ+)-H/%1C/'95+.Z5(7Z5-HBPOT&)(*1Y/'KT±(V7b+)NJ/'9ò'1C/%KT±(U78+JKò'N.(UO
/'1-H+)NRK5-H15O6-H16#Lﬁò'&.-Pò,K6B0(w7Z5ò,&ò'78+.(U&.-PN+)-07UN*c
ìúùDá
-PN"+.Z6(w&)/'45#'Z¥1M45EK(*&/'97Z6-0BPOT&.(U19;/%&ò,1¥/'K6±(U7b+-H9=<°-PN"9oò'-H&)BHS
4616-H9;/'&)Ec§|µ9J+.Z5(OT-H&)(U78+.(VOQ#%&)ò'F6ZN+)&.47b+.45&.("-PN$K5ò'B0ò'1578(VOŁ¶;+.Z6(Fòﬁ+.ZB0(*15#,+.ZN/,9òﬁ+)/'EG-07"/%KT±(U78+)N$O6/w16/,+]OT-%(*&$EC457Z
9;&)/'E (Uò%7ZX/,+)Z6(*&
º
ò'15OG+)Z6(ROT(*LW-Pòﬁ+.-0/'13/,9VÒ9;/%&(Uò'7Z3Lò'&.-Pò,K5BH($-PN,ZM46-+)(~N.Ewò,B0BM+)Z6(*13+.Z6("O6òﬁ+ò/%KT±(U78+D(*«WF5BH/MN-0/'1X&òﬁ+)(
ò,B0/'15#/'16(XB0(*L%(*B?OT/ﬁI1¬7*ò'1K(X(VN+)-HEwò,+.(UO¡ò'N
ìûù0á
c>ZW45Nò,9Ë+.(*&Of B0(*L%(*BPNOT/ﬁI1 g+.Z5(X1W46EK(*&C/,9]òﬁ+)/'EG-P7XO6òﬁ+ò
-015N+ò,157*(UN=-0N~ò,K/'46+Y¶
ìüùDáRºý
c~>Z5(+./'+)ò'B1W46ECK(U&=/'9_K5ò'N.(O6ò,+)òX/%KT±(U78+)N=-0N~ò3N.46EÒ/,9+)Z6(1W46ECK(U&=/'9§/'K6±(U7b+N]ò,+
(Uò%7ZQB0(*L%(*Bóc
¯=1¦+.Z6(&.(UL'(*&N.(:N.-0O6('ID(4N(
á0þ
+./¬EG(Uò%N45&.(Z6/ﬁIÇEwò,1WS¬F5ò'&.(U1%+X/%KT±(U78+X-H1N+ò,157*(UNXò'1¦/%KT±(U78+XZ5ò'NUcA>Z5(
-01578/%EY-016#¥B0ò'K(UBOT-HL%(*&N-H+S
ìßþ
-PN:ÎQò%7*78/%&)O6-H16#+./¥/'46&GO6ò,+)òﬃEG/TOT(UBN.F(U78-H7Uòﬁ+.-0/'1­có]N.45ò,B0BHS%
á0þ
-0NYEC457Z¢N.Ewò,B0BH(U&
+.Zò,1m<=c!]B+)(*&)15òﬁ+)-HL%(3Ewò,-01M+.(*1ò,157*(X+.(V7Z616- ZM46(UNGò'7U78(VN.NK5ò'N.(QO6ò,+)ò9;&./%E +.Z6(:&./W/'+C/'K6±(U7b+GEwòS&.(VN46BH+C-01¢òŁBPò,&)#'(
(8«6ò'EY-015ò,+.-0/'1¤N.F5ò'7*('c ¯=46&QEwò'-H1M+.(U15ò,178(ò'F6F6&)/%ò'7Zk-PN:7*ò,&)&)-H(VOm/'1¼-01Aò¡&.(UL'(*&N.(ﬃOT-H&)(U78+.-0/'1 c M+ò,&.+.-016#¬9;&)/'E +.Z5(
+./%457Z6(VO/'KT±(V7b+V/%46&]EG(*+.Z6/TO+)/QOT/QEwò,-01%+)(*15ò'1578(C(8«6ò,EG-016(UN]46FWI?ò'&)O5N+.Z5(CF5ò'&.(U1M+]/'KT±(V7b+N*IZ6/MN(N+.&)4578+.45ò'Bgò'15O
Lﬁò,B046(](ULﬁò,B045òﬁ+)-H/%1w&.(UBH(ULò'1M+D-01T9;/'&)Ewòﬁ+.-0/'1w-PN?ò,B0&.(Vò'OTSY78/'EGF646+.(UO3-H1X+.Z6(=-H16-H+.-Pò,B0-0ÑUòﬁ+)-H/%1XF6Z5ò%N(=ò,15OwEwò,+.(*&)-Pò,B0-HÑU(UOG-01X+.Z5(
[]\_^N+)&.4578+.46&)('c§|	1%+)(*#%&)ò,+.-016#Y+.Z6-PN$F6&)(U7*/'EGF64T+)(UOò,#%#'&)(*#Mòﬁ+.-0/'13-H1T9;/%&.Ewò,+.-0/'1:I-+)Z+.Z6/MN(R/'9+)Z6(46FO6òﬁ+)(UO:/'K6±(U7b+V6I?(
7*ò'1UZM46-P7ñWBHSQOT(*&)-HL%(~+.Z6(R16(UI¤(L(V7b+)NUc§>Z6(R7*/%N+-PN$òC9;461578+.-0/'1/,9
á0þ
-015N+.(Uò%O3/'9g-01Q+.Z6(R/%&)OT(U&/,9
ì ù,á
c
>Z6($7*/%N+§NF(*15OY-01Y+.Z6($(ULﬁò,B045òﬁ+)-H/%1CF6Zò'N.(-0NOT(V78-POT(UOGKWSò=B$	È5*ÈoØ,ÊÌ'*µØ79;/%&(Uò%7ZCLﬁò,&)-Pò,K6B0(?+.Z5ò,+DOT(UN)78&)-0K(VN
+.Z5(=&òﬁ+)-H//'9£+.Z6(~1W46EK(*&?/,9 /%KT±(U78+)NDK(U-H15#5BH+.(U&.(VOw/'46+§+./+.Z6(~IZ6/%BH(~N-0Ñ*(=/,9£+.Z5-0N?/'K6±(U7b+N(*+UcJ}¥(]9;/%&.EC46B0ò,+.($K(*B0/ﬁI
+.Z5(78/%N+)N?9;/%&+.Z6(R(ULﬁò,B045òﬁ+)-H/%1:ò'15O3Ewò'-H1M+.(U15ò,178("F6Z5ò%N(VN*c
Ýö]\ Á ú|Â¤ýú*Ã øA»w¼½Q¾
e6ý»DþäøA»_u

¾ßýþ$ßÑ6ù$úe
(¾
e6ý»§þ|ÅŁùD
_Mú
]N.-016#"+.Z6(]ID(UKwLM-0(*ImN.F(V78-H7*ò,+.-0/'1w-01G2g-0#'46&)(
H
+)/R(*Lﬁò,B045òﬁ+)(+.Z6(]K5ò'N.($O6òﬁ+ò,K5ò%N($N.Z6/ﬁI1wò'N§2-0#'45&.(RÎ%'K/,+.ZG+)Z6($15ò'-HL%(
ò,B0#'/%&.-H+.Z5Eò'15Ow!$K6-H+.(UK/%46B¡S Nò,B0#'/%&.-H+.Z5E| !Dﬃ»wuﬁ¸ﬃ£78/%15OT4578+?òI~2G+.&òL'(U&)N)ò,B6O646&.-016#R+)Z6(*-0&?(*Lﬁò,B045òﬁ+)-H/%1wF6Z5ò%N(%Mò'15O
+.Z5("+./,+ò,B£1W46ECK(U&$/,9g/'KT±(V7b+)N?+)Z6(*S:ò'7U78(UN)N-PN
²
á"¾ë6ç	



z


p
á

v
á
v
á
v
á
v
á
v
á
z
¶
î~ç
ô
á

pâÎ
º
á"¾ë6ç	


zﬁﬀ
p
á

v
á

v
á

v
á

v
á

v
á
z
|	1K/,+.Z¬+.Z6(X1ò,-0L'(3ò'BH#%/'&)-+)Z6EÃò'15O!$K6-H+.(UK/%46B¡S NYò,B0#'/%&.-H+.Z6Egò,1/'K6±(U7b+C-0N(*Lﬁò,B045òﬁ+)(UO16/EGò,++)(*&-H9$-H+&.(Vò,B0BHS
Z5ò%NòY7*/'EGF6B0(8+)("N.(8+/'9g/%4T+.#%/'-016#CFòﬁ+.ZN?+.Z5ò,+7*/'EY9;/'&)E +)/Y-H+)NIUb ]\¬/'&16/'+Uc26/%&(8«6ò,EGF6B0(w¶oN.(*(R2g-H#%46&)(YÎ
º
T/%KT±(U78+
G4W
/,9­Lﬁò,&)-Pò,K6B0(Y?-PN(*Lﬁò,B045ò,+.(UO3-H1QK/'+.ZQ+.Z6("15ò'-HL%(~ò'BH#%/'&)-+)Z6E ò,15OQ!$K6-H+.(UK/%46B¡S N$ò'BH#%/'&)-+)Z6E (*L%(*13-H9-H+$OT/W(UN?16/'+?Z5òL%(
ò,1/%4T+.#%/'-016#F5ò,+.Z+.//'KT±(V7b+)N/,9Lﬁò,&)-0ò'K6BH( 5,cW457ZñW-015O/,9$ò%7*78(VN.N.(UNR+./ﬃK5ò%N(XO5òﬁ+)òﬃ/'KT±(V7b+)N-0NCòI?ò%N+)(w/,9+)-HEG('c
¯=46&G(*Lﬁò'BH45ò,+.-0/'1¡N+.&òﬁ+)(*#%S¬78/'1OT457b+NGò/%1578(*´µò'15OW´ó9;/'&.´µò'BHB_Fòﬁ+.Z¦(*Lﬁò'BH45ò,+.-0/'1¢-H1¡+.Z6(F6&)/T78(UN)NY/,9=2+)&)òL%(*&N.ò'BDò'15O
+.ZW45N(*B0-HEG-015òﬁ+)(UN~+.Z5(X461=ZM45ò'BH-H5(UOŁ/'K6±(U7b+N"9;&)/'Eä+)Z6(w(*Lﬁò,B045ò,+.-0/'1NF5ò%78(wòﬁ+ò:EC457Z(Uò,&)B0-H(U&=+)-HEG(%cX|	1¥+.Z6-PNRIòS'£I?(
78/%15N.-0OT(U&)ò'K6B0S&.(VOT457*(D+)Z6($1W46ECK(U&_/,9£ò'7U78(UN)N.(UNg+./RKò'N.(O5òﬁ+)ò5c}¥($BPòﬁ+)(*&&)(89;(*&_+./R/'45&_ò,F6F6&)/%ò%7ZYò%N§[]\^.`mò'N/%F6F/%N.(UO
+./Y+)Z6(R/,+)Z6(*&+I?/wò,F6F6&)/%ò%7Z6(UN?/'9DÊ,È}]ò,15O'Ô*ÈËóc
¿
zgﬀWi5ﬁﬀW jklﬃﬂQﬀ g²,hV¶Òﬀ­r6²'hUi
³
i5ÂGs£ÄUﬀW²'hUuGhUisDﬀDÒ6r6tr6hUﬀ J{A=46&)-H16# +)Z6( (*Lﬁò,B045òﬁ+)-H/%1 F6Zò'N.(' Z6/ﬁI
E47Z¬ID(:784T+GOT/ﬁI1+.Z5(:7*/%N+)N-PNYOT(U7*-0OT(VOKWS¥+.Z6(]B$	È5*óÈ}>Ì'*µØ7bc¥!=N.N.46EG-H15#Łò4615-9;/%&.EOT-PN+)&.-0K64T+)-H/%1¬/,9]ò'BHB
78/%EK6-015ò,+.-0/'1ﬃF6&)/'Kò,K6-0BH-H+.-0(UN~/'9_+.Z6(G/%4T+.#%/'-016#3F5ò,+.Z5N~/'9Dò,1Ł/'KT±(V7b+U+)Z6(w]B$	È5*È}ﬁ@Ì'*µØ7$9;/%&~(Vò'7ZﬃLﬁò'&.-Pò,K6B0(Y-0N=+.Z5(
&òﬁ+.-0/G/,9J+.Z5(R/W7U7846&)&)(*157*(UN?+.Zòﬁ+=ò,+$BH(Vò'N+$(*157*/'EGF5ò'N)N?+.Z5(&.(.ZM46-H&)(UOQ/'46+.#'/%-H15#YFòﬁ+.ZﬃN.(8++)/G+.Z6(+./,+ò,B /T7U7846&)&.(U1578(VN*c§|µ+
-PN=-01ﬃ+)Z6(Y-H1WL'(U&)N.(F6&)/'F/'&.+.-0/'1ﬃ+./Qò'1(*«WF/'15(*1M+.-Pò,B9;461578+.-0/'1¥IZ6/%N.(K5ò%N(C-0N
H
ò,15O(8«TF/%16(*1M+~-0N=+.Z5(C1W46ECK(U&~/'9_+.Z5(
&)(6ZM46-0&.(VOC/%4T+.#%/'-016#RF5ò,+.Z5N§KMSC-+NDVb ]\¥N.(8+Uc>Z6-PND=B$	È5*È}ﬁyÌ­%8	Ø	7_ò'B0N./R-H1OT-07Uòﬁ+)(UNJ+)Z6(=N+./%&)ò'#'(NFò'78($N.-0Ñ*($16(U(UOT(VO
KWSw+.Z5(C[]\^8c
|	B0BH45N+.&òﬁ+)-H15#Y-H+$-01:EG/%&.(ROT(*+)ò,-0Bó5N45F6F/MN("+)Z5òﬁ+9;/%&$òYLò'&.-Pò,K5BH("L6I?(~ZòL'("! ±/%-H1M+$F5ò,+.Z5N¶o/'4T+)#'/%-H16#YBPò,K(*BPN
º
+)/
(*Lﬁò'BH45ò,+.(ò'15O(Uò%7Z:/'9+)Z6(UN.(F5ò,+.Z5N]BH(Vò'O6N+./3òGLﬁò,&)-Pò,K6B0(
·
z
¶;--0N$9;&./%E ÎR+)/;
º
c>Z6(R(ULò'BH4òﬁ+.-0/'1/'9g+)Z6(N.46K/'KT±(V7b+)N
/,9Jò,1WSGLﬁò,&)-0ò'K6BH(
·
z
-0NI?/'&.+.ZWIZ6-0B0(]/'15BHSX-H9-H+$ò,BPN/CZ5ò'NN.46K/'KT±(V7b+)N/'9ò,B0B+.Z6("/'+.Z6(U&
ì$#
Î=Lﬁò'&.-Pò,K6B0(UNUc?SXò4615-9;/%&.E
OT-PN+)&.-0K64T+)-H/%1 +.Z5(YF5&./%K5ò,K6-0B0-+S/'9§Z5òLW-H15#Qò,B0Bg+.Z6(G/'+.Z6(U&
ì%#
ÎCLﬁò,&)-Pò,K6B0(UN=-0N
¸
¹&('*)
c?Sﬃò,F6F5BHSW-016#3+)Z6-PN~9;/'&)E46BPòw+)/
+.Z5(R(*Lﬁò,B045òﬁ+)-H/%1:7*/%N+$/,9J/'KT±(V7b+N/,9JLò'&.-Pò,K5BH(Xò'15Oﬃ?-H1/%46&$(8«6ò'EYF5BH(RO6ò,+)ò,Kò'N.('­Z5ò%Ng±45N+]/'16("F5ò,+.ZB0(Uò'O6-H16#Y+)/
+.ZW45N
¸
¹ )+'*)
p ÎC+.-0EY(VN"/,9_+)Z6(G/'KT±(V7b+"/T7*7845&.&)(*157*(UN]/,9]$15(*(UOﬃ+./:K(G(ULò'BH4òﬁ+.(VO£cR}kZ6-0BH(:]Zò'N]+ID/C±/'-01M+~F5ò,+.Z5N=+)/
K(R(*Lﬁò,B045òﬁ+)(UO£W+)ZW45N
¸
¹-,
'*)
p
¸
¹
+.-0EG(UN/,9+.Z6(R/%KT±(U78+/W7U7846&)&)(*157*(UN?/,9gLò'&.-Pò,K5BH(wò,1O5=16(U(UOQ+./GK(R(*Lﬁò,B045ò,+.(UO cJ>Z5(
ò'7U78(VN.N78/MN+$7Uò,45N.(UOQKWS345N.-H15#Y/%46&$ò,F5F6&./Mò'7ZQ-0N
²
á"¾ë6ç	

.0/21
p
á

vÁÎ
ù,á
v
¸
¹
á
v
¸
¹
á
v
¸
¹
á
v
¸
¹
á
z
¶
î~ç
ô
á

p Î
º
Ýö]º 3múTúTßFß5ý.þ$ß `a
û6üÒøA»_u

¾ßýþ$ß 
ýþTú­þD
Jþ=ûúcÅŁùD
_Mú
26/%&"K(UBH/ﬁIR N.46F6F/%N.(Cò'1/'F(*&òﬁ+)-H/%1â!|	15NU54	5y:-H+.(*E><524
H	J
)°Z5ò,F6F(*1N=I-H+.ZŁ+.Z5(YLﬁò'BH46(Y/,9§+.Z6(wòﬁ+)/'EG-P7/'K6±(U7b+64
HJ
K(*-016#[:K/W/'ñ<6cJ>ZW45N74	C-PN
¾'¸
ò,15O84
HJ
-0N
¾ﬁ¹
6ò,15O
¾'¸
-PNK6-015OT-016#G+./wLﬁò,&)-Pò,K6B0(=ñc
>Z6(REwò,-01M+.(U15ò,157*(RKWSX+.Z5(15ò,-0L'(ò'F6F6&)/%ò%7Z3-01ML%/'B0L'(VN?+.Z6(R+)/,+ò,B &)(U7*/'EGF64T+òﬁ+.-0/'1:/,9J+)Z6(RLW-H(UI®ò'#%ò'-H15N++.Z6(K5ò'N.(
O6ò,+)ò,Kò'N.(UNUcef](*157*("+.Z6(7*/%N+-PN+)Z6(N.ò'EG("ò%N?+.Z5ò,+$/,9+.Z6(R-016-H+.-Pò,B F6Zò'N.('c
á"¾ë6çﬃ9(
z

ﬀ


z


p
á

v
á

v
á

v
á

v
á

v
á
z
!$K5-+)(*K/'46B¡S Nò'BH#%/'&)-+)Z6EN+.-0B0B15(*(UO5N§+)/#%/K5ò'7ñY+)/+.Z5(=&)/W/,+D/%KT±(U78+?ò'15Ow&)(8´µ(*Lﬁò,B045òﬁ+)($+)Z6(]K5ò%N(~O6òﬁ+ò6c(f$/ﬁI?(*L%(*&V
-H+7Uò,1:ò,F6F6B0S
G
O6-H&)(U78+.B0SG+./GLﬁò,&)-0ò'K6BH(45=IZ6-0BH("N.òLW-016#+)Z6(Rò'7U78(UN)N.(UN§+./Y/,+.Z5(*&/'KT±(V7b+ND/'95,c_26/'&?(8«6ò'EYF5BH(%W9;/'&ﬀ!|	15NU
4	5:-H+.(UE><6:4
H	J
)R6!$K6-H+.(UK/%46B]S N~ò,B0#'/'&)-H+.Z6E 15(*(UO5N+./Xò%7*7*(UN)N$ò,B0B£+.Z5(/'K6±(U7b+N+.Zòﬁ+=ò'&.(ò,++)ò%7Z6(UOQ+)/8ò'15O$ò'15O
/'15(~/%KT±(U78+74	C/,9Lﬁò'&.-Pò,K6B0(~ñXIZ6-0BH("-0#'16/%&.-016#Gò,B0B+.Z6("/,+)Z6(*&¶
á#
Î
º
/'K6±(U7b+N*c!]B0N./5W+)Z6("/'KT±(V7b+)N?+)/,´µK(*´ó(ULﬁò,B045òﬁ+)(UO
/,9JLﬁò,&)-0ò'K6B0(UN?Fò,15OQ-§¶oO6(UN)78(*1O6ò,1M+Lﬁò,&)-0ò'K6BH(VN/,9gLò'&.-Pò,K5BH("ñ
º
ò,&)(~&)(UN+.&)-P7b+.(VOX+)/G/'16B0SX+)Z6/%N.(ROT(UN)78(U15O6ò,1M+/,94	5c
h (*++.Z6("/'K6±(U7b+/T7*7*46&)(*157*(UND/,9Lﬁò'&.-Pò,K6B0(~F:ò'15OX- N+.(UEYEG-016#Y9;&./%E +.Z5(~/%KT±(U78+
G
Yò,&)(
á<;

ò,15O
á<;
z
&.(VNF(U78+.-0L'(UBHS%
+.Z5(*1:+.Z6(R1W46ECK(U&/,9g+./'+)ò,B£/%KT±(U78+)Nò%7*78(VN.N.(UOQ45N.-H15#G!]K6-H+.(*K/'45B]S N$ò,B0#'/%&.-H+.Z5E -0N
²
á"¾ë6çﬃ9(
z

ﬀ
.

zﬁﬀ
p
á

v
á

v
á

v Î¬v
á<;

v
á<;
z
!]NDF6&)/'F/%N.(UOG-01QW(V7b+.-0/'1
J
M/'46&ò,B0#'/%&.-H+.Z6EwN_7Uò,13òL%/'-POGòBPò,&)#'(1W46EK(*&?/,9£+)Z6(=ò%7*7*(UN)N(VN+./CK5ò'N.(]O6ò,+)ò'K5ò'N.(UNKWS
OT(*+.(U78+.-016#X-0&.&)(*B0(*Lﬁò'1%+$45FO6ò,+.(VN*cÆ_L%(*1-01+.Z6(I?/'&N+]7*ò'N.(RIZ6(U1ﬃò'7*7*(UN)N?+./XKò'N.(O6òﬁ+ò,K5ò%N(VN-0N]-H15(*LW-+ò,K6B0('ID(ò%7*7*(UN)N
/'15BHSQ+.Z6(CK5ò'N.(O6ò,+)òw/%KT±(U78+)N9;&)/'E +.Z5(Cò	(U78+.(VO/'16(3¶o-c ('c0
G

º
c$>ZW45N$+.Z6(Cò'7*7*(UN)N(VN+./X+.Z6(C/'KT±(V7b+)N]/,9ò,15O¬=ò,&)(
N)òL'(UO cJ>Z5(~Ewò,«W-0E45E1W46EK(*&/'9+)/,+ò,B£K5ò%N("/'K6±(U7b+N(*Lﬁò,B045ò,+.(UO:KWSX/%46&$ò,B0#'/%&.-H+.Z6E4615OT(U&+.Z6(N)ò,EG(RN-H+.4òﬁ+.-0/'1ò%N
!$K5-+)(*K/'46B¡S N$-0N
²
á"¾ë6ç
9(
z

ﬀ
.0/21
p Îdv
¸
¹
á
;

v
¸
¹
á
;
z
Ýö;õ øA»w_ﬂkøM»w¼½D
ß5ý¿_£»§þÀ»=>,½Rúß5ý¿¼ú­þ
(?3mú_¾D_¡ýþA@ŁùDß6ú ú ûú­þD
ß5ý»w_
Æ«TF(*&)-HEG(U1%+w+)(UN+)N3/'1¦+.Z6(ŁEwò,-01%+)(*15ò'1578(ﬃ7*/%N+)Nw4515OT(*&X+.Z6&)(*(O6-(*&)(*1M+346FO6ò,+.(N)78(U15ò,&)-H/MNY+./+)Z6(ﬃK5ò%N(ﬃO6ò,+)ò'K5ò'N.(
¶oN.(*(X2g-0#'46&)(Î
º
ò'&.(wN.Z6/ﬁI1-H12g-0#'46&)(Î6r5c3>Z6(XO6ò,+)ò,Kò'N.(G7*/'1M+)ò'-H1N"/'16(XÆ_´~ﬃò'BHBó§Î.rurﬂrQN.Z6/'FN*DÎ6rur:F6&)/TOT4578+)Nò'15O
H
7*ò,+.(U#'/'&)-0(UN~F(U&N.Z6/'F gò,15O¢Î6r-H+.(UEwNò,15O¦ÎGF6&)-07*(wF(U&ñW-+Vgò'15O¥F/MN.N.-0K6BHS/,+.Z5(*&F/'&.+.-0/'15N"/'9O5òﬁ+)ò'K5ò'N.(Y+.Z5ò,+ò,&)(
-0&.&)(*B0(*Lﬁò,1M++./X+.Z6(R}k@"c}¥(/%K5N(U&.L%(]9;&)/'E+.Z6((8«TF(U&.-0EG(*1M+]&)(UN.46BH++.Z5ò,+U5-01ﬃò,1ﬃ^8Ê6D45FO6ò,+.(N.-H+.45ò,+.-0/'1 T+)Z6(7*/%N+$/,9
Ewò,-01M+.(*1ò,157*(]-PN§Ewò,-016B0Swò'N)N/T78-Pòﬁ+)(UOYI-H+.ZX+)Z6(=N.-0Ñ*(]/'9£+.Z6("N.46K6#'&ò,F5ZXN+ò,&.+.-016#R9;&)/'E+.Z6(~ò	(U78+.(UO3/'KT±(V7b+VcJ!AOT(*B0(8+)-H/%1
-01ML%/'B0L'(VN_+)Z6("F6&./%F5ò,#Mòﬁ+)-H/%1w/,9­+)Z6("7Z5ò,16#%(UO3Lò'BH45(=(ULò'BH4òﬁ+.-0/'1Q&.(VN45B+/'&?+.Z5("O6&./%F6F6-016#C/'9­/'K6±(U7b+?+.45F6BH(VNòﬁ++.Z5(~B0/T7*ò'B
[]\_^N-H+.(%c>Z6($1W46EK(*&D/,9+.Z6(~ò	(U78+.(UOG/%KT±(U78+_+.45F6BH(VN_-PN_-01wBH-016(Vò,&_&)(*BPòﬁ+)-H/%1YI-H+.ZX+.Z6($Z5(*-0#'ZM+§/,9+)Z6(]ò	(U78+.(VOG/'KT±(V7b+Uc
!$1CB($YÏ346FO6òﬁ+)(R-0N$EY/MN+(*«WF(*1N-0L'(RN.-H157*("-+]ò(V7b+)N]ò,1òﬁ+./%EG-07"O6ò,+)òY/'KT±(V7b+VTIZ6-07Z-PNòﬁ++.Z5(RK/'++./%E/'9+)Z6(O6òﬁ+ò
#'&ò,F5Z c>Z6("EGò'-H1M+)(*15ò'1578("-01ML%/'B0L'(VN?òYB0/'16#%(UN+&.(UL'(*&N.(=(ULò'BH4òﬁ+.-0/'1Q9;&)/'E K/,+.+./'E 46FWI?ò'&)O5N*c
1
10
100
1000
10000
100000
1000000
insertion              deletion                    change 
m
ai
n
te
n
an
ce
 
co
st
naive
abitl
API
o­ﬁﬀ
ED
0ﬃò,-01M+.(*1ò,157*("7*/%N+)N?9;/%&46FO5òﬁ+.(VN
1
100
10000
1000000
100000000
10000000000
na
ïve
De
l L1
De
l L2
De
l L3
De
l L4
De
l L5
De
l L6
De
l L7
Deletion Updates
M
ai
n
te
n
an
ce
 
Co
st
abit
API
oﬀ
9
=@_ò'&.SW-016#G+.Z5(F/MN-H+.-0/'1/'9J(L(V7b+)(UO/'K6´
±(U78+
2g-H#%46&)(CÎ.rCò'B0N./YN.Z6/ﬁI$ND+.Zòﬁ+/'46&$ò'F6F6&)/%ò%7ZXI-H1NN-0#'16-H7Uò,1M+.B0Sw/ﬁL'(U&§+)Z6("/,+.Z5(*&+I?/CEG(8+)Z6/TO6N(UN.F(U78-Pò,B0B0Sw-H1:+.Z5(
?Y8ò,15OFB$BÏN.-+)45òﬁ+)-H/%15NUc|	1ﬃ+)Z6(wN(V78/'1Oﬃ(8«TF(*&)-HEG(U1%+V£ID(Y45N.(Yò3LW-H(UI N.F(V78-H7*ò,+.-0/'17*/'1M+)ò'-H16-016#ò37Z5ò'-H1Ł/,9§(U-H#%ZM+
/'15(8´	N+)(*F:F5òﬁ+)Z5N-H1:+)Z6(1B7.Ø	P 78BPò,45N.(
²
N.(*B0(U78+G
z
9;&)/'EÒ[?H&Ë¯IG
¸
#5G
¸
H&ËJG
¹
#KHLHLH%#MGONPH&ËJGOQm
2g-H#%46&)(YÎ%Î~N.Z6/ﬁI$N?+)Z5òﬁ+/'45&$ò,B0#'/'&)-H+.Z6E ò%7Z6-H(UL'(VN§+)Z6(REG/'&)(RN-0#'16-H7Uò,1M+?-0EGF6&)/ﬁL'(*EG(U1%+-013+)Z6("+.(U&.EwN/'9gEwò,-01M+.(U15ò,157*(
78/MN+N9;/%&DOT(UBH(*+.-0/'137Uò'N.(UN_-H9£+.Z5(=OT(UBH(*+.-0/'1X46FO6ò,+.(]/T7U7846&N§7*BH/MN(U&_+./+.Z6(=&./W/'+§/'KT±(V7b+VcJ>Z5-0N§-0NDK(V7*ò'45N($+.Z6(~Z6-0#'Z6(U&_+.Z5(
/'K6±(U7b+NDò'&.(C¶;/'F5F/MN(VOY+./+)Z6(~BH/ﬁI?(UN+Dòﬁ+)/'EG-P7/'KT±(V7b+N
º
%+)Z6(=N.Z6/%&+)(*&§Fòﬁ+.Z5(UN§+.Z6(USYEwòSY#'/R+)Z6&)/'46#%Zw+./CF6&./%F5ò,#Mòﬁ+)(46F
+.Z5(*-0&]OT&)/'F6F(UO9g,7Z5ò,15#'(UOXLò'BH45(R(*Lﬁò,B045òﬁ+)-H/%1Q-01T9;/%&.Ewòﬁ+)-H/%13+)/GEGò'-H1M+ò,-013+)Z6(C[]\^.`Rc
26/%&+.Z6("(*«WF(*&)-0EY(U1M+N.Z6/ﬁI1:KWS32g-H#%46&.(YÎ
H
TID("45N.(~+.Z6("(*«Tò'EGF6BH("}k@"QN.Z6/ﬁI1:-H12g-H#%46&)(
H
cJ}Ł(R-01578&)(Uò%N(=+.Z5(
1W46EK(*&/'9_.Í6ØBÏD-01Q+.Z6(RO6ò,+)ò,Kò'N.(]9;&)/'EäÎ.rurur+./;³rﬂrur5Mò'15O3ñ%(*(UFX+.Z5("N)ò,EG("òL'(U&)ò'#'($&òﬁ+)-H/Y/,95ﬁÈË§F(*&NZ5/'F T-H+.(UEGN
F(*&ñW-+VT(8+7,c>Z6(*&)(89;/%&.(%WIZ6(*1Q+.Z6("1W46ECK(U&?/'9§.Í6ØBÏOT/'46K5BH(VO£W9;/'&(8«6ò'EYF5BH(%%+)Z6(RN-0Ñ*("/'9­-+NN45K6#'&ò,F6Z3-0NOT/%46K6B0(UO£c
}¥(X78/'1OT457b+"+)Z6&.(U(wñW-H15OŁ/,9-015N(U&+)-H/%1/%F(U&)ò,+.-0/'15N"KWSò%O6OT-016#:+.Z6(G(UO6#'(UN@5,ÈË~Dﬁ	óÌMØ	738wò'15O¡ÈË	LP &.(VNF(U78+.-0L'(UBHS+)/
+.Z5(ﬃO6òﬁ+ò,K5ò%N(ò,15O¡+.(VN+w+)Z6(ﬃ78/MN+NG7*ò,4N(VO¡KWS¬/%46&Xò,B0#'/%&.-H+.Z6Exò'#%ò'-H15N+X!$K6-H+.(UK/%46B¡S NUck}Ł(N.(*(:+.Zòﬁ+XK/,+.ZkN.(8+NG/,9
Ewò,-01M+.(*1ò,157*(378/MN+N#'&)/ﬁIBH-016(Uò'&.B0SI-H+.Z¬+.Z6(:N-0Ñ*(Q/,9&.(UBH(ULﬁò,1M+CN.46K6#'&ò,F5Z cŁ¯=46&Cò'F6F6&)/%ò%7ZŁ#Mò,-015NEC457Z¬78/%EYFò,&)(UO
110
100
1000
10000
100000
1000000
10000000
1000 1500 2000 2500 3000 3500 4000 4500 5000
Number of "shop" objects
M
a
in
te
n
an
ce
 
Co
st
naive
abit -- insert edge kit
abit -- insert edge catelog
abit -- insert edge item
API -- insert edge kit
API -- insert edge catelog
API -- insert edge item
ﬁﬀ

À ~@_ò,&)SM-016#C+.Z6(O5òﬁ+)ò'K5ò'N.(RN-0Ñ*(
+./X+.Z6(Yò,BH+.(*&)15ò,+.-0L'(R/'15(IZ6(*1-015N.(*&.+.-016#3òwB0/ﬁI?(*&$/%KT±(U78+=N47Zﬃò'NRÈË	PÒ¶;I?(R+)ZM4N$/'KN(U&.L%(ò,1/'F5F/MN-H+.(F5&.(*9;(*&9;&)/'E
OT(UBH(*+.-0/'1Ł7Uò'N.(UN
º
c>Z5(C&)(Uò%N/%19;/'&~+.Z5-0N"-PN=+.Z5ò,+~+)Z6(Gò'7*7*(UN)N=+.-0EY(C+./:+)Z6(GK5ò'N.(CO6ò,+)òQKWS/'46&"-015N(U&+)-H/%1Ewò,-01M+.(U15ò,157*(
ò,F5F6&./Mò'7ZQ-0N&)(*BPòﬁ+)(UO3+./G+.Z5(N-0Ñ*("/,9JN45K6#'&ò,F6ZQ+.Zòﬁ+]N+.(*EwN?9;&)/'E+.Z6(R-015N.(*&.+.(UO:O6ò,+)ò6c
!$B0BD+.Z6&)(*(X(*«TF(U&.-0EG(*1M+)NCò,&)(3OT(UN.-0#'16(VO¥+./ﬃK(QN.-HEG-0BH-Pò,&+./¥!$K6-H+.(UK/%46B]S NCID/%&.ñ  !Qﬃ»ﬂﬁ¸ﬃ§+)/ŁN.(8+46F¢ò&.(Vò,B0-+S
4616-H9;/'&)E+)(UN+.K(UO¢K5ò'N.(UO¡/'1¦IZ6-07Z¢+.Z5(:(*«TF(U&.-0EG(*1M+)ò'B?&)(UN.46BH+)NG7*ò'1¡K(78/'EGF5ò'&.(VO¡ò'#%ò,-015N+Uc¡>Z5(UN.(:(*«TF(U&.-0EG(*1M+)ò'B
N+.45OT-0(UNZ6(*B0F45N"+)/-0OT(U1M+.-H9;S¥N.46-H+)ò,K5BH(X7Uò'N.(UN~9;/'&/'46&ò'BH#%/'&)-+)Z6E
²
¶Î
º
cQ>Z6(3&.-P7Z6(*&"+)Z6(kÓ¦ ×ﬃ-PNR-H1+)(*&)EwNR/,9F5òﬁ+)Z
78/%15OT-H+.-0/'15N"ò'15ON+.&)-078+RLò'BH45(CF6&)(UO6-078+)òﬁ+)(UNUc>Z6(U1 £+.Z5(CK5ò%N(GO6ò,+)ò,Kò'N.(C-PN~(*Lﬁò,B045òﬁ+)(UOŁò,#%ò'-H1N+"ò3EG/'&)(G78/'EGF6B0(8«¼" 
ò,1OG+.Z6(=(*Lﬁò,B045ò,+.-0/'1X-PN§EG/%&.($(L(V7b+)-HL%($+./YN.7*&.(U(*1X/%4T+D4515OT(UN.-0&.(VOw/'KT±(V7b+N*c¶
H
º
c_!¼K5-H#YO6òﬁ+ò,K5ò%N($K(Uò'&)NDòBPò,&)#'(U&_&)ò,+.-0/
/,9J+)Z6(òL'(U&)ò'#'(~/,9/'K6±(U7b+$/T7U7846&)&.(U1578(VN?+./w+)Z6(BPò,K(*BgOT-HL%(*&N-H+S'6+.Z6-PN$-015OT-P7*ò,+.-016#3òG#'/W/TO:&.(VOT4578+.-0/'19oò'78+./%&Uc~¶
±
º
c?C*
/'F(*&òﬁ+)-H/%15NZ5ò'F6F(*16-016#X+)/X+)Z6(46F5F(U&=/%KT±(U78+)N=IZ6-HB0(R+)Z6(G^8Ê6/'F(*&òﬁ+)-H/%15N$/T7*7*46&)-H16#X+.Z6(CBH/ﬁI?(*&$/%16(UNUc¶
J
º
c~Æ«TF(*15N.(
/'1mN+./'&ò,#%(3-PNwB0(UN)NC-0EGF/%&+ò,1M+X78/%EYFò,&)(UO¡+./¥+.Z6(16(*+ID/%&.ñ¬7*/'EGE4516-07Uòﬁ+)-H/%1¢/%&C+)Z6(+.-0EG(UNw/'9~7*/'1616(V7b+)-H/%15NC+./K(
(UN+)ò'K6B0-0N.Z6(UO c
R Ù
Ý
ð
ß$ç6×ÛeØ*Ý
ð
|	1#'(U16(*&ò,Bó6F6&)(*LW-0/'45N$+.(V7Z616- Z%45(UN9;/%&]-01578&)(*EG(*1M+ò,B I?(*KLW-0(*I®Ewò,-01%+)(*15ò'1578(CN-0EGF6BHS:&)(U78/%EGF64T+.(-+$9;&)/'EÒN)78&òﬁ+)7Z/%&
±45N+R-H1M+.(U#'&òﬁ+)(R+.Z6(G46FO6ò,+.(UO/'KT±(V7b+ROT-0&.(V7b+.B0SI-H+.Zﬃ+)Z6(YLò'&.-Pò,K5BH(C-+R-PN]K6-015OT-016#Q+./:-H1+.Z6(GI?(*KﬃLW-0(*I$NUcR}Ł(YF6&)/'F/%N.(
ò,1-015OT(*«W´óB0-Hñ%(EG(U7Z5ò'16-PNEq[]\^.`RIZ6-P7Zﬃ78/'1N+)&.4578+]-H+)N.(*BH9§ò'7*7*/'&OT-016#G+./3+.Z6(Yò,#'#%&.(U#%ò,+.-0/'13Fòﬁ+.Z&.(VN+)&.-P7b+)-H/%1:KWS:+.Z5(
}k@~3ò,15O3ò'7*7*/'EGEG/TO6òﬁ+)(UN+)Z6("78/'169;/'&)EY-016#C/'KT±(V7b+)N_+./%#,+.Z5(*&?I-+)ZX+.Z5(*-0&DLﬁò,B046(~(*Lﬁò,B045ò,+.-0/'1w&)(UN.46B+N*c>Z6-PNDI?òS%MòCN(*+
/,9DID(UKLW-H(UI$N"NF(U7*-7Uòﬁ+)-H/%15N"7*ò,1Ł&.(U45N.(+.Z5(*-0&78/'EGEG/'1ŁF5ò,&.+=/'9DF5ò,+.ZŁ(*Lﬁò,B045òﬁ+)-H/%1Ł7*&.-H+.(U&.-Pò3ò'15O7*/'EGF64T+)(+)Z6(Y515ò,B
LW-H(UI¤/%KT±(U78+)N?+./G&)(UN+.&)457b+)46&)(]+)Z6(RID(UKQLW-0(*I$N?9;&)/'Ec!$BPN/W+.Z6(R45FO6ò,+.(VOQ/%KT±(U78+)N7*ò'1QK(R(8«TF6B0/'&)(UO3/'1Q+./wOT(U&.-0L'(~+.Z5(
I?(*K:LM-0(*IÀ:Fòﬁ+)7Z5(UNY<+)/YK(R-01%+)(*#%&)ò,+.(UOQ-01%+)/Y+.Z6(REwòﬁ+)(*&)-0ò'BH-0Ñ*(VO3I?(*K:LW-H(UIRc
}¥(D78/%15OT4578+­+)Z6(D7*/%N+gò,1ò,B0SWN.-PN ò,15OR+.Z6(D(8«TF(U&.-0EG(*1M+)ò'B%N+.45O6-H(VN­/%1R+.Z6(DEwò,-01%+)(*15ò'1578(§F(U&9;/%&.Ewò,178(§7*/'EGF5ò,&)-PN/%15N
I-H+.ZQ+.Z6(Rò,BH+.(U&.1òﬁ+.-0L'("N./'B04T+.-0/'15Nò,+D+)Z6(RN+òﬁ+.(*´ó/'9Ë´µò'&+Vcg?/'+.ZQ+.Z6(~+.Z5(*/'&)(8+)-07Uò,B£ò,1ò,B0SWN.-PNDò'15Ow+)Z6("(8«TF(U&.-0EG(*1M+)ò'B£&.(VN45B+N
N.Z6/ﬁI¬+)Z5òﬁ+_/%46&_ò,F6F5&./Mò'7ZYI-H1G/ﬁL'(U&J-+N_78/%EYF(8+)-+)/'&NJEG/%N+_/,9+.Z6(+)-HEG(]ò'15OY-H1wN./'EG(7*ò'N.(UNg+)Z6(#%ò'-H1NJ/,9/'46&_N+.&òﬁ+)(*#'S
ò,&)(wN-0#'15-7Uò,1M+.B0SI-H+.ZEG/'&)(YF5&./%K5ò,K6B0-H+S/,9N(UB9Ë´µEwò,-01%+)(*15ò'K6-0BH-H+Sﬃ/'&~9;(UID(U&ò'7*7*(UN)N(VN=+./K5ò%N(wO6ò,+)ò6cG}¥(XOT(*L%(*B0/'F¥ò
N.(8+G/,9=(*ôX78-0(*1M+GN+.&òﬁ+)(*#%-H(VNCò%N9;/%&+)Z6(-H15-+)-0ò'BH-0ÑUò,+.-0/'1¡F5Z5ò'N.(Q/'9]I?(*K¡LW-0(*I (ULﬁò,B045òﬁ+)-H/%1¢ò'NYI?(*B0Bò'NC-+NG-H157*&.(UEG(*1M+)ò'B
Ewò,-01M+.(*1ò,157*('c
}¥(R45N(ﬀ0Łh¥5B0(UN?+./wN.-HEC46BPòﬁ+.("I?(*KO6òﬁ+òGN/%46&)7*(UNò,1O3Z5òL%(=-0EGF6B0(*EG(*1M+.(VOQ+.Z6(RI?(*K:LW-H(UI¤EG(U7Z5ò'16-PNE Kò'N.(UO
/'1¥+)Z5òﬁ+VcQ}¥(wF6BPò,1+./(*«W+.(*1OŁ/%46&I?(*KLW-H(UIN.F(U78-H7Uòﬁ+.-0/'1¥9;/%&ò'7U78/'EGEG/TO6òﬁ+)-H15#ò'B0N./&)(*#'45B0ò'&~Fòﬁ+.Z(*«TF6&.(VN.N.-0/'15NU
ò,1OŁOT(UL'(UBH/%FŁEG/'&)(Y#'(*15(*&ò,B§[]\^.` N+)&.47b+.45&.(Y+./ò'BHB0/ﬁI°9;/'&N.457Zò,1¥(8«W+.(U15N.-H/%1 cG}Ł(G51O+)Z5òﬁ+R+)Z6(wN+)/'&ò,#%(YN.F5ò'7*(
[]\_^` 7Uò,1K(C(V78/%16/'EG-0Ñ*(UOKWS78/%EYF5&.(VN.N.-H15#XòXE45B+)-´	N+)(*Fﬃ15/'1T´µK6&ò,157Z6-016#wF5ò,+.Z5N=-01%+)/3/%16(N.-H16#%BH(*´µN+.(UFF5òﬁ+)Z c=>Z5(
78/%&.&)(UN.F/'15OT-016#YEwò,-01%+)(*15ò'1578(N+.&òﬁ+)(*#%Sw-0NF/%N)N.-HK6B0('cD2-015ò'BHB0S'ID("I?/'46BPO:BH-0ñ'("+)/X78/'1N-POT(*&(*«TF6BH/%-+)-H15#O0Łh¬N)7Z6(*Ewò5
-H+)NB0-H15ñM-016#GEG(U7Z5ò'16-PNEò'15OZM46(*&)SXBPò,16#%45ò,#%(]+)/Y/%FT+.-0EG-HÑU("+.Z6(RI?(*K:LW-H(UI¤Ewò,-01M+.(U15ò,157*('c
S
æ$á,æ]Üæ
ð
ßæÛ
 !$K6- £¸ﬃ cC!]K6-H+.(*K/'45Bc ©=46(U&.SW-016# W(*EG-PN+)&.4578+.46&)(UO ~òﬁ+ò6c |	1 \ 7.ØV)B$,ÈËÊMÌ,¼Ø¿1mËÍ5¡^8Ê5H_Ø,Ê618L7.8ÊAØ,Ê
?C,µ%Ô*:ÐÍ5)Ø738ﬁ5F5ò'#'(VN"Î3Î.ﬁ6Î6ﬂ£Tc
 !DŁŁ.ﬃ ¨Jc6!?+.ÑU(*16-óªYc=(V7*7Uò66ò,1O:¨JcFﬃ(*&)-0ò'B0OT/c¤>/w}Ł(VòL'(=+.Z6(R}¥(*K ca|	1ﬃ^bÊ+HD_ØﬁÊ.187.*ÊGØﬁÊAL738KË­7Ì%
?C,µ"T]ﬁ*bb6F5ò'#'(VN
H
r
W

H
Î.³TÎ6ﬂ£Wc
 !Dﬃ»wuﬁ	ﬃ c !$K5-+)(*K/'46BóTt5cT7Lf$45#'Z *c »STNU£@c£@_ò%N.N)ò,B0/%NUò'15O"tc£}k-0(*16(U&Uc |	178&)(*EG(*1M+)ò'B(ﬃò,-01M+.(*1ò,157*(9;/%&
ﬃòﬁ+)(*&)-0ò'BH-0Ñ*(VO3@=-H(UI$N/ﬁL'(U&$W(*EG-PN+)&.4578+.46&)(UOU~òﬁ+)ò5cA|	1;Í6"\ 7.ØV)B$,ÈËÊMÌ,CØ1R;Í6Ð­É§8Ê]8ﬁ]ÌØ	È7b;ÍX^8Ê5	7b
Ê,ÈoØ,Êﬁ§Ø,Ê618L7.*ÊGØﬁÊ¤738@Ë	7ÌMQ?Yﬁ	'Ôﬁ88B#e'*ÉVUØ75ﬁ6Fò,#'(VN
±
ﬁ¸
J
5M!]46#'45N+Î6ﬂuﬁ5c
 !]©0W(£¸ﬃcT!$K6-H+.(UK/%46BóFc5©=45ò%N.NU£tcﬃ7Lf]46#'Z­tcW}k-0O6/'ETò,15O t5cW}k-0(*16(U&Uc¼>Z6(4h­/'&)(*B©=45(*&)Shò,16#%45ò,#%($9;/%&
W(*EG-PN+)&.47b+.45&.(VO"~òﬁ+)ò5c |	1^bÊ5	L7bÊﬁóÈoØﬁÊﬁYXTØ	È7bÊﬁ_ØﬁÊA?ÈÌ'ÈËµ,VËJÈoÔL7.	7bÈo8B#Q¯¯

 F5ò'#'(VN
W
ﬁ¸ﬁﬂﬁ6!$F6&)-HB
Î6ﬂ£Wc
 !$&)/ﬂ£¸ﬃ ªYc6!$&)/T78(*1ò6c¤}¥(*K¯R©0h
²
Æ«TF6B0/'-H+.-016#]/T7*46EG(*1M+=M+.&)4578+.46&)("-H1}¥(*K©=46(*&)-0(UNUc¼|	1^8Ê5H=Ó¢Ó¦Ó _Ø,Ê5
187)8Ê)* Î.u£Tc
 <?!­}¬ﬂﬁ	ﬃ c5<DZ5òIòﬁ+.Z5('6cT!$K6-H+.(UK/%46Bó6ò,15OUt5cW}k-POT/'Ec¤»$(*F6&)(UN.(*1M+.-016#Yò,15O©=46(*&)SW-H15#G<DZ5ò'16#'(VN§-01:W(UEG-0N+.&)457b´
+.46&)(UOA=ò,+)ò5c |	1\,7.ØUB$ﬁÈËÊWÌﬁXØ1G;Í6@ÌØ	È7b	8ÊËÍ^8Ê5	7bÊﬁóÈoØﬁÊﬁ_ØﬁÊ618L7.*Ê:ØﬁÊ"?Yﬁ	3Ï?ÊMÌ'ÈËÊL7bÈËÊMÌ#
Õ,7bHﬁÊ$'Ø¸#(Ì_0Ø	7bÈ2$',Fò,#'(VN
J
Î
±
T26(UK6&)45ò,&)SÎ6ﬂuﬁ6c
 <?»<Z4ﬂﬁ	ﬃ[ZGc >"c<DB0òSWF/W/'BóÆ]c !c­»$4615OT(U15N+)(*-016(*&VTh_c<DZ5(*1 ­ò'15O¥=c2Z"/'+.Z5ò'&.-óc »(*´ó45N)ò,K5BH(G/TOTEG#,´µK5ò'N.(UOﬃ+.(UEC´
F6BPòﬁ+.(VND9;/'&?ID(UK3LW-H(UI¼#'(U16(*&òﬁ+)-H/%13ò,1OX&)(UN+.&)457b+)46&.-016#c¦|	1¢ ^	\6!^] ´`_¢ÓØ75.Í6ØBÏØ,ÊkÓVÔ]^8Ê618Ø	73PwﬁóÈoØﬁÊ
ﬁÊ$@?Yﬁ	a!ﬁÊ*ÌMPw8ÊQÓw^¿? !^] ´`_

#YÓﬁÍTÈËÊMÌ'µØ,ÊF#e?"HóH%#e'ØOH¶-ﬁ5F5ò'#'(VN
±
Î
J

±ﬂH
Î'Î6ﬂuﬁ6c
 2g2hg£¸ﬃ cT26(U&.15ò'15OT(UÑ'FCc62B0/'&)(UN)784­M!cFh (*LWS%Wò'15OUc5W478-04 c¤! ©=46(*&)S;h­ò'16#'4ò,#'(~WSTN+)(*Eo=(*EG/'1N+)&)ò,+.-0/'1
´§M+.&)45OT(UB
²
!a}¥(*KT´	N-H+.(4ﬃò'15ò,#%(*EG(*1M+$WSTN+)(*Ec¼|	1ﬃ[Cb!Ã×T^ﬁ !Õ(?q_ØﬁÊ618L7.*ÊYØﬁÊ8!ﬁÊ*ÌMPw*Ê5?Ø¿1
?C,µ, Î6ﬂ£Tc
 ªRªﬀ£¸ﬃocª~BH47Z6('>"cª~&)45N+V<=c9ò,-01MK(*&)#'(U&U6ò'15OcÆfc67Z6/'B0Bca|	157*&.(UEY(U1M+)ò,BV$FO6òﬁ+)(UN9;/%&Dﬃò,+.(*&)-Pò,B0-HÑU(UO
¯R©0h@]-0(*I$NUc°|	1¥\ 7)ØUB$ﬁÈËÊMÌ,GØ¿1;Í6 Rﬁ;ÍQ^8Ê5	7bÊﬁóÈoØﬁÊﬁ_ØﬁÊ618L7.*ÊXØ,Ê?YB$	È5*È}ﬁwﬁÊ$¥Õ$Ô;Ö**.Õ,7bÈË
8ÊµB$I?Yﬁ	'Ôﬁ88;¶?XÕ"Õ?

#b!ØﬁÊ]7.LÈ`cu#×ÉÈËedV7bH,ÊÆ$,6F5ò,#%(UN³
H

WﬂW
](V78(UEK(*&RÎ6ﬂ£Tc
 ªﬀŁﬂ³	ﬃ !c­ª~46F6+)òò,15OŁ|bc­cT45EY-P7ñcﬃò'-H1M+.(U15ò,178(Y/,9 òﬁ+.(U&.-Pò,B0-0Ñ*(UO@]-0(*I$N
²
¨_&)/'K6B0(*EwNU>(U7Z516-¹ZM46(VN*£ò'15O
!$F6F5BH-P7*ò,+.-0/'15NUck|	18TÈTËH*ÈËÊ¥Ø1~ËÍ5QÐ)ÍTÊ5Èoﬁ__ØPKPYÈË	ØﬁÊU?C,µÏÊMÌ'ÈËÊ7bÈËÊWÌ	#w¯`_F~C

6F5ò'#'(VN
±
Î6ﬁ5
t'4516(GÎ6u£³Tc
 ªﬀ
±
ﬃ !cª~46FT+ò6g|bcJce46EG-P7ñJò,1O@cW46K6&ò,Z5EGò'16-Pò,1 c ﬃò,-01M+)ò'-H16-016#ﬃ@=-H(UI$N|	178&)(*EG(*1M+)ò'BHB0S'c|	1¦\ 7)Øﬁ
)B$,ÈËÊMÌ,~Ø1=ËÍ5$[Cb!q×W^, K!Õ?°^bÊµL7bÊ,ÈoØ,Ê,_ØﬁÊ.187)8Ê)ØﬁÊ!ﬁÊUÌ%LPw8ÊDØ1 ?C,µ	#~Ó.ÍWÈËÊWÌ,	ØﬁÊ=#
?IHóH06Fò,#'(VN"Î.³£6Î
WuW
ﬂﬃòSﬃÎ.u
±
c
 Z4hﬃ».ﬃ !cfZRòIò,#%457Z6-óﬂCc62DcFh­-H(U4WID(U1 W|bc5c46EG-07ñ6ò'15O=ZGcT!c6»/%N)N*ck|	EGF6B0(*EG(U1%+)-H15#Y|	178&)(*EG(*1M+)ò'B@]-0(*I
ﬃò,-01M+.(U15ò,157*(-H1>à$(VN+)(UO~òﬁ+)ò4ﬃ/WO6(*BPN*c¢|	1w^8ÊG\ 7)ØUB$ﬁÈËÊMÌ,=Ø1]ËÍ5XÓØ	75ﬁ.Í6ØBÏØ,Ê?Yﬁ	'Ôﬁ8\ 7)Ø.Ìu7.	PY
PCÈËÊWÌOËﬁÊWÌÈ5UÌ%8b5!$45#'45N+Î6ﬂ£Wc
 h6Fﬂ³¸ﬃ !$B0/'1hgCcDh­(*LWS'$!]BHK(*&.+./¤¯Cc(U15OT(UBHÑU/'1 g_(UZ6/%N.ZW45òkTò,#%-HLò,15Oq=-HL%(UN.Z®T&.-0Lﬁò'N+)òLﬁò6cq!]15NI?(*&)-016#
ZM46(*&)-H(VN§4N-016#GLW-H(UI$N*ck|	1ﬃ\ 7.ØV)B$,ÈËÊMÌ,Ø¿1~ËÍ5@¯E5ËÍQ[Cb!Ã×T^ﬁ §[C]Ð µ×T^ﬁ !Õ?µ×T^ﬁ §[$Ð×98	PDÏ6ØﬁÈ}ÈP
ØﬁÊ\ 7bÈËÊ*È ÏH8CØ1Q?C,µ%Ô)ﬁ*R×Æ8	LPB#×,ÊiXTØ*#]­["£Î6ﬂﬂ³6c
 -HZ9
W
ﬃ ªYcu-0Z5ò,-0BPò6c¡}¥(*K5©0h´­ò,1X5©0h ´óB0-0ñ'(yZM46(*&)SBPò,16#%45ò,#%(§9;/%&+.Z5(}k}k}°cXò'N+.(*&.S Ng+.Z6(VN-PN*ﬂ$16-0L'(U&)N.-+S
/,9J>­/%&./%1%+)/5Î6ﬂ
W
c
 ¨Dªﬀ}¬£³¸ﬃ<gCcJ¨ò,F5ò'ñ'/%15N+ò,1M+.-016/%4 Tfcª"ò,&78-Pòﬁ´l/'B0-015ò6 ò'15Oótc­}k-POT/'Ec ¯=KT±(V7b+CÆ_«T7Zò,16#%(X!]78&)/%N)N@f](8+)(*&)/'#'(*´
16(*/%45N|	1T9;/%&.Ewòﬁ+)-H/%1T/'46&78(VN*c¼|	1ﬃ^)Ï_Ï_Ïk^8Ê5H?Ø,Ê61H_Ø,ÊU?Yﬁ	Ï?ÊWÌ,ÈËÊ)L7bÈËÊMÌ'5Fò,#'(VN
H
³TÎ
HuW
r6Î6ﬂﬂ³6c
 »ZR»$< 
W
ﬃ Æ$c!cD»4615OT(U15N+.(*-016(U&Ufc§!cZ"4615/5jgCc_»]ò6_ò,1O¡@Cc?<D&.(VN+ò,15ò%>ò'46K('c >Z6(46BH+.-0@]-0(*IÒ¨_&)/,±(V7b+
²
¯=KT±(U78+b¯=&)-H(U1M+.(UO:@=-H(UI®>(U7Z516/'B0/'#%S3ò,15O!]F6F6B0-07Uòﬁ+)-H/%15N*ca|	1Ł\ 7.ØVY$,ÈËÊMÌ,YØ1ËÍ5R[CM!×T^ﬁ !Õ?^8Ê5
µL7bÊ,ÈoØ,Ê,__ØﬁÊ618L7.*ÊGØﬁÊi!ﬃ,ÊUÌ%LPG*Ê5Ø1Q?C,µ,TF5ò,#%(4³ﬂ³u³6t%4616(wÎ.u
W
c
 Qt£h
W
ﬃ ]-0L'(VNZﬃW&)-0Lò%N+òLﬁò66WZ5ò'46B~ò,&V=fc6@Cc9tMò,#Mò'OT-PNZ­Wò'15O!$B0/'1gCc9h (*LWS%ca!]15NI?(*&)-016#wNZMBTZM46(*&)-0(UN45N.-H15#
Ewòﬁ+.(U&.-Pò,B0-0Ñ*(UO3LW-H(UI$N*cA|	1ﬃ\,7.ØUB$ﬁÈËÊWÌﬁØ1ﬃËT?<T$ Î6ﬂ
W
c
 hT>y6ÎLﬃ c*fc T7Z6/%BHBó <=chò'ò%N.7Z ò,1OŁc£>­&)(UN)7Z cs]FO6ò,+)ò'K6BH(Y@]-0(*I$N~-01¯=KT±(V7b+8¯=&.-0(*1M+.(VOŁ~òﬁ+)ò'K5ò'N.(UNUc®|	1
\ 7.ØV)B$,ÈËÊMÌ,Ø¿1Q;Í6C'ÊÆ$^bÊ5	L7bÊﬁóÈoØﬁÊﬁ"_ØﬁÊ.187.*ÊŁØﬁÊâ?YY$È58óÈ}ﬁﬁÊ$¦Õ$Ô;Ö**.Õ,7bÈo*Ê5	Y$?Yﬁ	'Ôﬁ88
¶?XÕ"Õ?

#b!ÈTÊ5ÈoÍ£#] $L73PG,Ê=8ﬁ5Fò,#'(VN~Î6ﬁu	
H
r£W=(U78(UEK(*&RÎ.u6Î%c
 W457L
W
ﬃ cTW457*-H4­cA©=46(*&)SO=(U7*/'EGF/%N.-+)-H/%1Xò,15Ow@=-H(UI¬ﬃò,-01M+.(U15ò,157*(9;/'&©=46(*&)Sh­ò,15#'45ò'#'(UN9;/'&]15N+.&)457b+)46&.(VO
=ò,+)ò5cA|	1\ 7.ØVY$,ÈËÊMÌ,CØ1ËÍ5ICﬂC'ÊÆ$G^8Ê5	7bÊﬁóÈoØﬁÊ,§_ØﬁÊ.187)8Ê)GØ,ÊAL738KË	7ÌMﬀ?C,µ%Ô)ﬁ*bB#!ÈPwÔ),È
T]ØPGÔ	8

#g^8ÊÆ$,Èoﬁ5Fò,#'(VN
HuH
.
Hu±
ﬁ6TW(UFT+.(UEK(*&Î.u
W
c
N£ªﬀuﬁ%ò	ﬃ gCc=ZW46#%(=ò,1O fc6ª"ò'&)7*-0òﬂ/'B0-H1ò6c¼ª~&)ò'F6ZQM+)&.47b+.45&.(VOX@]-0(*I$Nò'15O3>Z6(U-H&|	157*&.(UEG(*1M+)ò'BÆﬃò'-H1M+)(*15ò'1578(%c
|	1k\,7.ØUB$ﬁÈËÊWÌﬁØ1;Í6A¯E5ËÍ^8Ê5	7bÊﬁóÈoØﬁÊﬁR_ØﬁÊ.187.*Ê¥ØﬁÊÎ?Yﬁ	Ï?ÊWÌ,ÈËÊ7bÈËÊWÌ	#XÕ,7bH,ÊÆ$'Ø	#0Ì§HØ	7bÈ2$%ﬁ
F5ò,#%(UN~Î'Î
W
Î
H
³6M25(*K6&)45ò'&.SÎ.uuﬁ5c
N£ªﬀuﬁ'Kﬃ gCcFZW46#'($ò'15O>fcTª"ò,&78-Pòuﬃ/'B0-H15ò5c¦W(UB9Ë´lﬃò'-H1M+)ò'-H1ò,K6-0BH-H+SY/,9ª~&ò,F6Z3M+)&.47b+.45&.(VOG@]-0(*I$NUc¦|	1mÐ5ÍWÊ5Èo,
]lÏ6Ø7b2#$_ØPÏÈTµL7"×*Èo8ÊQ?Y~Ï5	7b¡Pw8Ê2#J×	ﬁÊ.18Ø	7$JBÊÈ}L7bÈË]8ﬁ5F5ò,#%(UN~Î'Î
W
Î
H
³6T¯~78+./'K(*&"Î.uuﬁ5c
Ú ÚÃÛÛŁæ ð éŁØk
^®ö÷ ÅA_Mú¾

» øA»

úqB»ß ÅU
e6ùle
(¿¾D
eTý¿»§þÀ^dß»ßýl6ùD¼
Procedure Path_Evaluation (o)
{    
       if  BFS_CRPs ({"root"}, {o}) = True 
            generate a "EPG" from o by including 
            objects that their In_EPG = T
}
Boolean BFS (Labels, Objs)
{    int has_obj = 0;
      get a l from queue Labels;
      if  the ending variable of l, v is a leaf variable
           if Labels is empty 
                 return True;
      else  {
           for each li in v-CRP, put li in Labels;
           for each object o of Objs[l] {
               o.set_labels;
               if  o.In_EPG = T  {
                    has_obj ++;
                    for each label li in o.Label[ ]
                        Objs[li] = Objs[li] + o.Objs[li];
               }
           }
           if  has_obj = 0
               return False;
      } 
      return BFS_CRPs (Labels, Objs);
}
Object  ::
Member 
{
   Boolean In_EPG = F;   int   T = 1;
   Set   Labels = m ;           Set  Objs[ ] = n ;  
   int   Count[ ] = 0;          int   CT[ ] = 0;  
}
Method  set_Labels
{ binding o with variable v;  
   if v is a variable for leave nodes
      In_EPG = True;
   else {
      for each li in v-CRP {
          Labels = Labels + {li};
          Objs[li] = null;  Count[li] = 0; 
          CT[li] = 0;
          for label li, for each of its paired subObj oij { 
               Objs[li] = Objs[li] + {oij};    
               Count[li] ++;   
          }
      }
      for each label li in Label[ ] {
          if  Count [li] = 0 
               In_EPG = False;
      }
   }
}
(a)  Path Condition Evaluation Conducted in a BFS Traversal (b)  Joint Variable Objects Index Structure Initialization
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Procedure Compute_Truth (EPG) 
//Aggregation Function for computing truth value; 
{  
    According to the QG within this EPG,
    sort the variables bottom-up in a partial order;
    excluding leaf variables,
    for each variable v {
          for each o of variable v;   
                o.comp_CT;
    } 
}
Object :: Method  comp_CT
{   T = 1;
     for each label li in Label[ ] {
          for label li, for its paired subObj oij { 
                CT [li] = CT [li] + oij.T;       
                if  (CT [li] == 0)  {
        T = 0;
                      exit;
                }
          }       
     }
}
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Procedure Ins (o1, l, o2)
{     If  o2 ∉ EPG   {
           PE(o2);    // result in a sub-"EPG" from o2;
           If  o2 ∉ "EPG"   or   o2.T = 0 {
                  Judged to be an Irrelevant Update;
                  exit;
           }
           else  {
                  if  o1 ∉ EPG  
                       re-evaluate on o1;  
                  else  {
                       cache o2 in EPG;
                       o1.Count[l] ++; o1.CT[l] ++; 
                       if  o1.CT[l] >0 and o1.T = 0  { 
                            for each of other labels li 
                                o1.T = o1.T q  o1.CT [li];
                                if   o1.T = 1  
                                     propagate on its parents
                       }
                  }
           }
     }
}
Procedure  Del (o1, l, o2)
{    If  (o1 ∉ EPG) or (o2 ∉ EPG)  {
         Judged to be an Irrelevant Update;
         exit;
     }
     o1.Drop_Obj (l);
}
Object  :: 
Method  Inc_CT(l)
{   CT[l] ++; 
     if  CT[l] = 1  { 
           for each label li in Label[ ] other than l
                T = T r  CT [li];
           if   CT = 1  
                for each of its parent o´ with label ll 
   o´.Inc_CT (ll); 
     }
}
Method  Dec_CT (l)
{   CT[1] -- ;
     if  CT[1] = 0  {
          T = 0; 
          for each of its parent o´ with label ll 
               o´.Dec_CT (ll);
     }
}
Method  Drop_Obj (l)
{   Count[l]--;   
     if  Count[l] = 0 {
          In_EPG = F; 
          for each parent o´ with label ll to it  
                o´.Drop_Obj (ll);
     } 
     else 
          Dec_CT(l);
}
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